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Abstract
There exists a strong co-evolutionary relationship between many fruit plants and the birds that
act as seed dispersers. This relationship presents an issue to vineyards in the form of hungry
birds foraging on their crops. In this thesis, I use an experimental approach to test the
effectiveness of avian deterrents, quantify physical attributes of grapes as they mature, and
quantify the impact that foraging birds have on grape crops. In my first data chapter, I record the
directional movements of birds in vineyards in response to four avian deterrents (propane
cannons, speakers broadcasting calls of avian predators, hawk kites, and drones) and a control.
Of these four deterrents, only propane cannons and speakers broadcasting predator calls were
effective at deterring birds. My findings highlight the importance of using multiple deterrents to
increase the effectiveness of non-invasive bird control. In my second data chapter, I used grape
samples to monitor the physical changes grapes experience as they mature, and assessed bird
predation on grapes at vineyards. I concluded that red, green, and pink cultivars exhibited similar
changes in size and sugar content, but that red gape cultivars experienced a more drastic colour
change during veraison. Furthermore, I found that red grape cultivars experienced more removal
and damage from birds than green or pink cultivars. Additionally, I found that sugar content was
primarily predicted by RGB (red blue green) hue and brightness for red cultivars RGB hue and
chroma for green cultivars, suggesting that birds could use grape colour as a signal of sugar and
nutritional content, which may influence rates of grape predation by birds. Finally, this chapter
revealed that netting is an effective barrier in reducing grape predation by birds. My research
stresses the importance of understanding the development of grapes in order to predict when and
where grape losses and damage are most likely to occur so that the correct avian deterrents can
be applied for optimal protection.
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Chapter 1: General Introduction

1

Co-evolution of plants and animals as seed dispersers
Over millions of years, fruits and flowers have evolved in their colours and nutritional qualities
to attract seed dispersers and pollinators (Snow 1971). These colour preferences are so strong
that they can lead to the co-evolution of fruit and flower colours in plants and visual preferences
in animals, and can even drive the evolution of animal visual systems (Regan et al. 2001). In this
mutualistic relationship, plant seeds are distributed for reproduction, and the animals enjoy a
reward of nutritious nectar or fruit (Schaefer et al. 2008, Valido et al. 2011). The continued
strengthening of the plant/animal relationship has resulted in the evolution of flowers with
magnificent vibrant colours for attractive purposes (Schaefer et al. 2007) and fruits and berries
with attractive colours and nutritious pulp (Valido et al. 2011).
To attract these dispersal agents, as fruits mature they change and develop to become
alluring to animals (Schaefer et al. 2006, Schaefer et al. 2014). Animals will often develop fruit
colour attraction or avoidance behaviours based on these relationships to plants such as
avoidance of colours like green, orange, and yellow, which are often an indication of unripe fruit
(Watkins et al. 2000). Birds in particular are a dispersal agent utilized by many plant species as a
means to distribute seed through fruits and berries. Previous literature investigating avian vision
has explored how birds perceive and choose fruits based on colour, and examined the nutritional
benefits associated with these choices. A 2008 study revealed that birds can use their
extraordinary colour perception to distinguish between fruits of high and low anthocyanin levels,
the pigments responsible for producing red, blue, and purple colours in fruits (Schaefer et al.
2008), yet not between fruits of high or low carotenoid levels, pigments responsible for
producing yellow, orange, and some red colours (Schaefer et al. 2008). In this way, birds are able
to use colour as a means of finding fruits with the most nutrients available (Schaefer et al. 2014).
2

Although the change in colour is definitely a key aspect of attraction, research has also indicated
that contrast between fruit and foliage is important as well (Schaefer et al. 2006). Crows, for
instance, prioritized chromatic contrasts over change in berry colour, indicating that the
background on which a fruit is displayed will play a role in its attractiveness to some avian
species (Schaefer et al. 2006).
Efficient food selection requires high rewards, ideally in abundance, so to maximize their
foraging success birds use a hierarchical decision-making process for locating their food (Palacio
et al. 2017). Previous research found that among 5 observed species, the two focal influencers of
this decision process were fruit crop size and mean fruit diameter (Palacio et al. 2017), indicating
the birds first choose the area which provides the most available food, and then select their
individual target plant for highest rewards (Palacio et al. 2017).

Birds and agricultural crops
The symbiotic relationship between fruit plants and birds is essential in nature for dispersal and
nutritional needs, but when fruits are grown in mass quantities for profit and human
consumption, this natural co-evolutionary relationship instigates conflict between humans and
animals (Lindell et al. 2012). While birds are naturally attracted to fruits, crop loss due to bird
damage represents an important issue of concern facing large fruit production operations such as
orchards and vineyards. In vineyards, grapes go through a process called veraison (Figure 1.1)
which is the period of time when grapes begin to mature. The notable changes grapes experience
during veraison is growth in size, increase in sugar content, and most notably, colour change,
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which can be quite drastic in some of the darker grape cultivars (Dami et al. 2005). This change
in size and colour may make the grapes more attractive to birds.
There are multiple types of damage that result from the predation of birds on fruit crops.
In vineyards, birds can have direct negative impacts by removing plant shoots, chewing foliage,
removing buds (Triplett et al 2012), and eating grapes both fully and partially (Stevenson and
Virgo 1971). In addition, secondary damage can occur as a result of bird foraging when opened
grapes are susceptible to further damage by insects or disease (Tracey and Sauders 2003, Triplett
et al. 2012). While some avian species such as American robins (Turdus Migratorius) and
European starlings (Sturnus vulgaris) pluck grapes whole to eat them, other species such as
House finches (Haemorhous mexicanus) eat only the pulp of the grapes by pecking holes and
consuming the insides (Stevenson and Virgo 1971). A damaged grape left on the vine will decay
and rot, often leading to cluster damage through the attraction of fruit flies, causing more serious
crop loss than initially produced by the birds (Stevenson and Virgo 1971). Therefore, damage
caused by birds can include the removal of grapes and/or the spoilage of grapes resulting when
bird interference leads to secondary damage such as moulds, disease, insects etc. (Tracey and
Saunders 2003).
The damage sustained within a vineyard also tends to be more localized rather than
evenly distributed (Berge et al. 2005). Pinpointing the exact areas in a vineyard that will
experience the highest bird damage can be difficult, but there are some aspects that are known to
have an effect on predation risk. Bird damage is often concentrated on the edge of crop fields
(Puckett et al. 2009), with damage lessening as the distance from the edge increases (Triplett et
al. 2012). However, there are many other factors that affect the level of bird activity in a
vineyard. A field surrounded by perching areas (Puckett et al. 2009), be they natural or human4

made, will attract birds and give them opportunity for roosting and provide vantage points when
foraging (Tripplet et al. 2012). These areas can include trees, wooded habitats, powerlines,
fences, and building roofs (Tracey et al. 2007, Tripplet et al. 2012). Food availability within a
fruit crop will obviously attract birds, but nearby food availability is something that should also
be considered because alternate food sources could attract birds to the general area before a fruit
crop is ripe, thus predisposing the birds to forage in that area when the target crop eventually
ripens (Triplett et al. 2012). Understanding patterns of avian foraging can help allocate resources
towards managing the areas likely to have the highest levels of avian foraging (Puckett et al.
2009).

Economic cost of bird damage in vineyards
Previous research quantifying the economic cost of avian damage to grape crops has found that,
if left unchecked, a flock of birds descending on a vineyard can decimate a significant portion of
the crop in just a few days (Dehaven 1974). A 2013 study conducted experiments in five
American states and surveyed over 700 vineyards and orchards to assess bird damage (Anderson
et al. 2013). Per hectare damage costs ranged from $247 to $946, which translates to roughly
between $2.5 million and $49 million in damages and crop loss (Anderson et al. 2013). One
study of Ontario grapes documented cases of vineyards experiencing between 14% and 45%
crop damage related to birds (Stevenson and Virgo 1971), and in some studies bird damage was
as high as 95% (Anderson et al. 2013). On average, however, most damage reports tend to fall
between 10 and 15% loss with various deterrent methods in place, and prevention measures have
been shown to increase yields significantly in five states (Anderson et al. 2013).
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While damage to the fruits and decreased crop yield are a direct source of economic loss,
there are several indirect effects that birds can inflict on fruit crops (Tracey and Saunders 2003).
Secondary damage to fruits resulting from bird activity, such as mould, disease, and insect
damage (Dehaven 1974, Tracey et al. 2007, Triplett et al. 2012, Pertot et al. 2017) introduce a
number of costs necessary to limit the spread of the problem. Treating fields with insecticides,
herbicides, and fungicides (Ministry of Environment 2009) requires equipment and laborers.
Moreover, the quality of the crop may be compromised if the secondary damages cannot be
managed (Triplett et al. 2012). Without establishing proper bird repellent management
techniques, bird activity in a field drastically increases, and a grower may need to harvest early
to mitigate crop loss. These growing practices can affect the quality of a fruit (Triplett et al.
2012), because when a crop is harvested too early, or is contaminated with large amounts of
diseased grapes or insects, the quality of the product is greatly reduced (Tracey and Saunders
2003). A downgraded crop of low-quality fruit will be worth less than a premium fruit (Tracey
and Saunders 2003), thus further lowering the economic value of the crop.
Destruction and damage of infrastructure is another area where birds can cause economic
damage to fruit growers (Tracey et al. 2007, Triplett et al. 2012). Nesting birds, particularly
European starlings, will often build nests in buildings and available hollows in the area, and will
cover roofs and building structures with fecal matter (Tracey et al. 2007). Over time, gradual
damage to bird repellents, particularly netting, will require replacement of materials which can
be expensive depending on the type of deterrent being employed.
To mitigate the cost of crop loss and structural damage (Triplett et al. 2012), avian
deterrents are often used to ward off hungry birds. However, these deterrents add their own
indirect cost of equipment and implementation to the direct cost of bird damage (Triplett et al.
6

2012). Deterrents range greatly in both cost and effectiveness, and, not surprisingly, the more
costly methods are usually more effective at repelling birds. Therefore, each fruit production
operation must find the balance between protecting their crop and the expense of doing so
(Tracey and Saunders 2003). While it is common for studies to state whether deterrent methods
were in effect during damage assessments, it is less common for a study to report which specific
control techniques were in use and for how long. This lack of information makes it challenging
to obtain true measures of bird predation costs on unprotected fields.

Current avian deterrents for agriculture
The deterrents that have been used to ward off birds in vineyards cover a range of methods from
simple to complex. There are a number of different categorizations of avian deterrents that can
be deployed in fruit production, and these include: 1) visual deterrents; 2) acoustic deterrents; 3)
scaring devices; 4) lethal control; 5) chemical repellents and; 6) exclusion methods (Tracey et al.
2007, Tripplet et al. 2012). Each of these categories has a different approach but all work
towards the same goal of keeping birds out of a fruit crop.
Visual deterrents are some of the simplest deterrents in terms of set up and operation.
They work on the premise that an unfamiliar item, or one resembling a predator, placed in the
field will make the birds uneasy and less likely to enter the area of the field adjacent to the item
(Harris and Davis 1998). Visual deterrents include techniques like reflective tape, scare-eye
balloons, scarecrows, kites, and owl replicas (Bishop et al. 2003, Tracey and Saunders 2003,
Dami et al. 2005, Tracey et al. 2007, Triplett et al. 2012) These deterrents may be effective
initially, but their usefulness is limited as birds adjust to their presence quickly (Harris and Davis
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1998, Avery 2002, Dami et al. 2005). Therefore, they should be moved frequently and used
sparingly. These deterrents are relatively inexpensive compared to other management techniques.
Acoustic deterrents such as propane cannons, which are mounted tubes that use propane
to emit a loud bang at semi-random intervals, are common strategies employed by many fruit
growers (Bishop et al. 2003). Other acoustic deterrents include firecrackers, electronic speakers
that broadcast irritating sounds like sirens or alarms, sonic emitters that emit an ultrasonic
frequency sound, and speakers that play the recorded calls alarm and distress calls of birds to
intimidate or instill fear in similar species nearby (Summers 1985, Delwiche et al. 2005, Tracey
et al. 2007, Berge et al. 2007, Triplett et al. 2012). Acoustic deterrents play off a bird’s innate
reaction to avoid perceived danger (Bishop et al. 2003), thus instigating a panic in birds and
driving them away from the acoustic stimulus and out of the field (Dami et al. 2005). As with
visual deterrents, birds will adjust to a repeated acoustic stimulus if exposed to it long enough
(Summers 1985, Delwiche et al. 2005). To avoid familiarizing birds to the sounds, auditory
deterrents should be moved around the field occasionally and should be activated at randomized
intervals to avoid repetition (Bishop et al. 2003).
Scaring deterrents present an active threat to birds and are meant to drive them away
from the protected area. These deterrents can include model planes, aircraft, drones, falconry
with live animals, and attempts to attract predatory birds through nest sites or live decoy prey
(Triplett et al. 2012). These techniques are typically very effective because they present a real
threat to the birds, compelling them to flee to safety, and thus they are less likely to lead to
habituation by birds.
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Lethal deterrents seek to permanently remove birds as a threat to the crop. This can be
done through various methods including shooting, poisoning, and trapping (Stone et al. 1974,
Delwiche et al. 2005, Triplett et al 2012). These techniques obviously pose a serious threat to
birds and thus they are usually effective. However, there are laws protecting certain species from
lethal removal (Migratory Birds Convention Act, 1994), and the ethical and environmental
concerns posed by some removal techniques can make them undesirable. In addition, the scale of
this method of bird removal does not provide a realistic long-term solution.
Chemical controls function in a manner similar to pesticides, where the fruit plants are
coated with a chemical that birds find repelling (Conover 1982). Methiocarb is the most widely
accepted chemical for use as a protectant; it is a taste repellent used to dissuade birds from
foraging on grapes (Guarino et al. 1974, Stone et al. 1974, Conover 1982, Bishop et al. 2003,
Tracey et al. 2007). However, in recent years more effort is being concentrated on developing
alternative bird management techniques to minimize use of pesticides in the environment.
Exclusion deterrents are one of the more commonly used approaches for managing bird
damage to fruit crops. This is because they have repeatedly proven their effectiveness over other
deterrents (Fraser et al. 1998, Watkins 1999, Tracey and Saunders 2003). There are a number of
exclusion protection techniques including electric wiring, roosting deterrents, and fruit sleeves
(Triplett et al. 2012), but the most widely used is netting. There are a couple of different
approaches to netting, namely permanent nets that stay up year round, and draped nets which are
applied as needed and can be relocated year to year (Tracey and Saunders 2003). The downfall
of using netting is that it is quite labour intensive and costly both from an application perspective
and from the upfront costs of purchasing the nets and replacing them as needed (Tracey and
Saunders 2007). However, because of the effectiveness of netting compared to other techniques,
9

for extremely valuable fruit crops netting is often considered the most suitable option (Fraser et
al. 1998, Tracey and Saunders 2003, Berge et al. 2005). This is often the case in vineyards
producing ice wines, because the grapes are left on the vines into the winter when most other
food sources are gone (Fraser et al. 1998). This is not to say that netting is a foolproof method.
Depending on the type of netting, birds can still access the grapes with some effort, either by
perching on the outside and eating through the net holes, or by finding an opening inside the net,
the latter of which often results in birds getting trapped inside the netting (Fraser et al. 1998)
One of the primary problems that vineyards and orchards face when deploying avian
control methods is habituation (Bomford and O’Brien 1990, Berge et al. 2005). The various
types of deterrents lead to habituation at different rates. Visual deterrents quickly lead to
habituation because once birds grow accustomed to their presence in a field, they are no longer
perceived as a threat (Steensma 2009). Acoustic deterrents can be effective for many weeks
before habituation takes place; for instance, broadcast distress calls played for eight weeks in a
2005 study before the researchers noted habituation (Delwiche et al. 2005). In a separate study,
habituation to distress calls in starlings took between 7 and 13 weeks to set in (Summers 1985).
Scaring deterrents such as a live falcon patrolling a field do not readily lead to habituated
because of the real threat they pose to birds. Lethal bird management techniques should not lead
to habituation because doing so would leave the birds vulnerable to a dangerous situation;
therefore, it is in their best interest to always respond. Chemical deterrents are effective as long
as they are available (Guarino et al. 1974, Conover 1982), but once the chemicals degrade, birds
are no longer affected and can return to the sites. Exclusion techniques also do not lead to
habituation to because they are a physical barrier that is always present to protect the fruit crops.
While avian agricultural deterrents are widely variable in both effectiveness and cost, using a
10

combination of multiple deterrent strategies generally increases the effectiveness of the
deterrents (Bishop et al. 2003).

Study System: Essex County Vineyards
Essex County is a developing wine region with over a dozen vineyards in the area, and while
wineries began operating in some locations in the 19th century (Town of Essex 2018), the
number of vineyards continues to grow as this area continues to be a prospering wine country.
Essex County’s wineries produce some of the most unique, award-winning wines in Canada
(Town of Essex 2018). These establishments vary in location, size, grape variety, and
surroundings, all of which can influence the predation inflicted on crops by local avian species
(Stevenson and Virgo 1971). It is therefore vital to understand the factors contributing to avian
predation pressure on vineyards, and to develop the most effective non-invasive deterrent
methods for these species while minimizing cost and maximizing yield.

Thesis goals
For my thesis I will focus on two primary aspects of the human/animal conflict that arises in
vineyards as a result of the relationship between birds and grapes across 11 Essex County
vineyards (Figure 1.2). Firstly, I will document how three aspects of grapes change over the
season (colour, sugar content, and size) for multiple cultivars and investigate whether cultivar
characteristics, vineyard characteristics, or cluster location influence predation and damage
inflicted by birds and other sources. These data will help us understand which features have the
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greatest influence on predation rates, which can be important in helping to determine when and
where deterrents should be deployed.
Secondly, I will use an experimental approach to test the effectiveness of various bird
deterrents including drones, propane cannons, acoustic playback, and hawk kites. In addition, I
will explore the possible influence of surrounding habitat, cultivar colour, and time of year on
the effectiveness of the various deterrents, and test for possible habituation to the various
deterrent types. Understanding these patterns will allow vineyard owners to utilize their available
deterrents to manage the bird population and protect valuable crops in an environmentally
friendly and economically sensible manner.
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Figures

Figure 1.1. Photos of a cluster of Merlot grapes over a 12-day span going through veraison, a
process during which grapes increase in size and sugar content, and change colour.
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Figure 1.2. Map showing the 11 vineyard sites used in this research in Essex County, Ontario,
Canada.

17

Chapter 2: Avian activity in Essex County vineyards: evaluating non-invasive
deterrent methods
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Chapter Summary
Avian damage to fruit crops in orchards and vineyards has long been an issue of concern in the
agricultural sector. Previous work revealed that in vineyards, bird damage inflicted on grape
crops typically ranges from 14%-45% of the fruit but can be as high as 95%. With the threat of
significant financial losses occurring when these crops are left unprotected, most vineyards take
protective measures to combat the risk posed by bird predation. We investigated the
effectiveness of multiple avian deterrents in five vineyards in a developing wine region in Essex
County, Ontario. By observing bird activity in experimental plots of grape vines, we were able to
record the movement of birds during periods of activation and inactivation for four avian
deterrents: propane cannons, speakers broadcasting sounds of predators, hawk kites, and drones.
Our findings suggests that propane cannons were the most effective of the tested deterrents,
followed by speakers broadcasting avian predator calls. We found that the hawk kite and drone
did not significantly affect bird activity in the vineyards. We also did not find any evidence of
birds becoming habituated to the avian deterrents in our experiments. This study enhances our
understanding of bird activity in vineyards and highlights the importance of using multiple
deterrents in conjunction with one another.
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Introduction
Since the inception of large-scale human agriculture, birds have been attracted to crops as a food
source, often causing substantial damage (Fraser et al. 1998). Birds can provide natural benefits
to human agriculture such as pollinating crops and eating crop pests (Triplett et al. 2012).
However, birds can also cause significant damage to unprotected crops, resulting in reduced
profitability or financial loss. Agricultural fields are targeted by a number of avian species; in
North America, this frequently includes European starlings (Sturnus vulgaris), American robins
(Turdus migratorius), and various species of finches and sparrows, all of which are attracted to
cultivated areas that provide easy access of food in large quantities (Fraser et al. 1998, Somers
and Morris 2002, Berge et al. 2007). While intense levels of bird damage do not apply to not all
agricultural fields, birds are known to cause substantial predation on fruit crops (Anderson et al.
2013). There are multiple types of damage that these foraging species can inflict on fruit crops.
They can have direct impacts by removing fruits fully, and indirect effects by leaving partiallyeaten fruits that are susceptible to further damage by insects and disease (Stevenson and Virgo
1971, Tracey and Saunders 2003, Triplett et al. 2012). Collectively, the various types of damage
can exceed the financial thresholds set by producers and can result in significant economic losses
(DeHaven 1973, Lindell et al. 2012).
A study across blueberry, cherry, apple, and grape orchards in five American states
determined that the financial loss caused by birds ranged from roughly 2.5 million to 49 million
dollars per state (Anderson et al. 2013). One Ontario study that focused on the effect of birds on
grape crops found that damage ranged from 14%-45% (Stevenson and Virgo 1971). While
average damage counts can vary, there have been cases documenting bird damage to fruit crops
as high as 95% (Tracey and Sauders 2003). Clearly, if left unchecked, bird damage can decimate
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a crop, but these losses can be mitigated by the employment of bird deterrents. Depending on the
equipment used, deterrents can have varying levels of success. For example, the use of acoustic
repellents like loudspeakers in vineyards can save an estimated $700/ha (Berge et al. 2007).
Therefore, it is important to understand what protection methods are available for different types
of crops, as well as their effectiveness. For orchards and vineyards, there are a number of
possible options, each with their own benefits and disadvantages.
Several categories of deterrents can be used to keep foraging birds out of vineyards and
orchards (Table 2.1). (1) Visual deterrents such as hawk kites and scare-eye balloons attempt to
imitate aspects of natural predators like silhouettes or eyes (Belant et al. 1998, Fraser 1998), and
reflective tape works based on the premise that introducing a novel object into a field will make
birds less likely to enter (Harris and Davis 1998). These deterrents are relatively inexpensive but
lose effectiveness when birds become acclimated to their presence (Harris and Davis 1998,
Avery 2002). (2) Acoustic deterrents include propane cannons, firecrackers, and broadcast
speakers. They drive birds out of a field by targeting their innate reaction to avoid unfamiliar or
possibly threatening sounds (Bishop et al. 2003). However, loud acoustic deterrents can irritate
neighbours and create conflict between vineyards and local residents. (3) Scaring deterrents such
as model planes, aircrafts, and drones are meant to present active threats to birds in attempt to
drive them away from a protected area (Tripplet et al. 2012); however, these methods often
require trained laborers for operation, which can be costly and time consuming. (4) Lethal
deterrents like shooting, poisoning, and trapping seek to permanently remove birds as a threat to
a crop (Stone et al. 1974, Delwiche et al. 2005, Triplett et al 2012). However, there are laws
protecting certain species from lethal removal (Migratory Birds Convention Act, 1994), and the
environmental risk and ethical considerations posed by some removal techniques are cause for
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concern. In addition, the scale of this method of bird removal does not provide a realistic longterm solution. (5) Chemical deterrents like sucrose applications or Methiocarb, a taste repellent,
seek to dissuade birds from foraging for grapes (Guarino et al. 1974, Stone et al. 1974, Conover
1982, Avery et al. 1995); however, using such chemicals involves sometimes complex
regulations and must be reapplied for continued effectiveness, and many vineyard owners choose
alternate routes. (6) Exclusion deterrents such as netting physically separate the crop from
hungry birds (Tracey and Saunders 2003, Berge et al. 2005, Triplett et al. 2012). Although
exclusion deterrents tend to be very effective, they can be expensive to purchase and maintain,
and are labour intensive. Despite their typical effectiveness, nets still have their limitations. For
example, sometimes gaps in the netting leave openings for birds to get in and they can become
trapped inside the nets. While individual avian agricultural deterrents are widely variable in both
effectiveness and cost, using integrated pest management strategies increases the effectiveness of
the techniques to lessen the economic loss caused by birds in agricultural fields (Bishop et al.
2003, Ministry of Environment 2009).
An issue that most vineyards face when deploying avian control methods is habituation
(Bomford and O’Brien 1990, Berge et al. 2005). Habituation occurs when birds grow
accustomed to a particular stimulus, eventually leading birds to ignore the deterrent, and thereby
limiting its effectiveness (Bishop et al. 2003, Tracey et al. 2007). The various types of deterrents
appear to lead to different rates of habituation, although this has not been thoroughly investigated
for each type of deterrent. Visual deterrents can quickly lead to habituation, often after only a
couple hours of being erected in a field (Conover 1979). This rapid habituation is thought to
occur because once a few initial birds enter the area and are not affected by the deterrent, other
birds then follow (Conover 1979). While acoustic deterrents can be effective for many weeks,
22

they too are eventually subject to habituation (Delwiche et al. 2005, Summers 1985). Scaring
deterrents such as trained live falcons patrolling a field do not readily lead to habituation because
of the real threat they pose to birds. Chemical deterrents are effective as long as they are active,
but eventually wear off the plants, at which point birds will no longer be repelled (Conover
1982). Exclusion techniques are not subject to habituation because they are a physical barrier
that is always present to protect the fruit crops (Tracey et al. 2007). The varying rates at which
habituation may occur for different deterrents is one of the factors that contributes to their overall
effectiveness; therefore, understanding the process of habituation in each scenario will assist in
choosing the most fitting protection method for a vineyard.
The success of various deterrent methods will also depend on intensity of bird predation
in an area, which in turn is influenced by a number of factors (Triplett et al. 2012). Geographic
location, migratory routes, habitat, and food availability are all factors that can influence the
number and diversity of birds in any given area (Berge et al. 2005, Lindell et al. 2012, Triplett et
al. 2012). For example, while vineyards in New Zealand are targeted by a variety of birds
including song thrushes (Turdus philomelos), mynas (Acridotheres tristis), and blackbirds
(Turdus merula), (Watkins et al. 2000), South African grape growers deal with species such as
mousebirds (Colius colius), African red-eyed bulbuls (Pycnonotidae nigricans), and Orange
River white-eyes (Zosteropspallidus pallidus) (Herrmann and Anderson 2007). Vineyards across
North America tend to be targeted primarily by a few main species including house finches
(Haemorhous mexicanus), American robins, European starlings, and Baltimore orioles (Icterus
galbula) (Berge et al. 2007, Steinegger et al. 1991, Fraser et al. 1998). The responses of birds to
each deterrent type can also vary by species. For example, one study found that while European
starlings were deterred by the presence of a balloon, American robins and Baltimore orioles
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continued feeding (Bishop et al. 2003). The presence of alternative food sources around a
vineyard, like orchards or agricultural fields, may also affect the level of bird predation
experienced. Certain types of agricultural fields provide larger quantities of food than others
(Puckett et al. 2009). In addition, the presence of alternate food sources nearby could attract birds
to a general area before a grape crop is ripe, thus predisposing the birds to remain foraging in
that area until the target crop eventually ripens. The habitat surrounding a vineyard may also
influence the level of bird pressure it experiences. Trees and dense vegetation provide both
perching areas and shelter for foraging birds (Watkins 2000). In addition, if a vineyard is located
on a migratory flyway, it will have to contend with seasonally changing flocks of birds passing
through the area in addition to local species foraging on a daily basis (Tracey and Saunders
2003). Moreover, because of the impact of climate change, predicting when birds will
accumulate in an area may become more difficult (Fraser et al. 1998).
With all these variables potentially affecting bird predation on grapes, it is important that
vineyard owners understand how these factors affect their particular region in order to best
manage avian grape predators and protect their crop. Essex County is a developing wine region
with over a dozen wineries which vary in location, size, grape variety, and surroundings.
Vineyards in this area experience avian grape predation on a regular basis and are also located
near important migratory routes for birds. The presence of this migratory flyway influences the
number and type of birds in the area at different times of the year (Sanders 2013). It is critical to
understand the factors contributing to avian predation pressure on vineyards in order to develop
the most effective non-invasive deterrent strategies for these species while minimizing cost and
maximizing yield.
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Our goal in this study was to investigate the effectiveness of four bird deterrents across
five vineyards in Essex County. We used an experimental approach to test the effectiveness of
drones, propane cannons, acoustic speakers broadcasting avian predator calls, and hawk kites in
repelling birds. In addition, we also explored the possible influence of surrounding habitat, grape
cultivar colour, and time of year on the effectiveness of the various deterrents and tested for
possible habituation to the various deterrent types. The effectiveness of propane cannons has
been previously tested in a variety of agricultural settings (Harris and Davis 1998, Bishop et al.
2003, Steensma 2009, Linz et al. 2011, Schillinger and Werner 2016), including a couple of
studies in vineyards (Watkins et al. 2000, Berge et al. 2005). The general consensus from these
studies is that while initially effective, the cannons are subject to habituation by the birds (Harris
and Davis 1998, Bishop et al. 2003), and their area coverage is limited to about 3 hectares (Linz
et al. 2011). The effectiveness of hawk kites has been assessed in blueberry fields and airports,
where their effectiveness was demonstrated and habituation was shown to occur (Conover 1982,
Harris and Davis 1998, Steensma 2009), but they have only been tested once specifically in
vineyards (Hothem and DeHaven 1982) where they exhibited a similar pattern in effectiveness
and habituation to previous studies in different field types. Acoustic speakers have been used as
deterrents in agricultural fields, primarily broadcasting alarm and/or distress calls of birds which
has been shown as effective methods (Berge et al. 2005). However, some studies indicate that
this method of avian deterrent is not effective in an agriculture setting (Watkins et al. 2000),
while other studies suggest that broadcasting distress calls could actually attract birds to the area
(Berge et al. 2007, Steensma 2009). We therefore chose to broadcast the calls of local avian
predators rather than alarm or distress calls in our study. The use of drones in agriculture is
becoming more frequent as their availability improves (Yallappa et al. 2017). While radio-
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controlled model aircrafts have been used to deter bird for several decades (Harris and Davis
1998), as drones become more advanced and easier to operate, their presence in agricultural
settings is becoming more prominent, especially in pesticide application where they improve the
chemical application process (Yallappa et al. 2017), and for commercial mapping where they
provide a more compact and affordable alternative to fixed wing aircraft (Goldammer 2018).
However, their use as avian deterrents in vineyards has, to our knowledge, not been tested in an
experimental setting.
We hypothesized that the four deterrents we tested would differ in effectiveness and
propensity to result in habituation by birds (Conover 1979, Harris et al. 1998, Bishop et al 2003,
Delwiche et al. 2005). We predicted that drone flyovers would be the most effective deterrent
method based on the active motion of patrolling the field (Harris and Davis 1998, Bishop et al.
2003), then propane cannons (Harris and Davis 1998, Bishop et al. 2003), followed by speakers
broadcasting predator calls (Harris and Davis 1998), and finally hawk kites since they can lead to
rapid habituation (Conover 1979). We also predicted that propensity to lead to habitation will
follow the same order of effectiveness for the same reasonings, with drones having the longest
habituation period and hawk kites showing the shortest habituation period.

Methods
Study Area
Essex County is a developing wine region in Southwestern Ontario with over a dozen vineyards.
Wineries began operating in the area in the 19th century (Town of Essex 2018) and have
continued to develop and expand over time. These establishments vary in location, size, grape
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variety, and surroundings, all of which can influence the predation inflicted on crops by local
avian species (Stevenson and Virgo 1971). The five vineyards featured in our study are Colio
Estate Winery, Viewpointe Winery, Cooper’s Hawk Vineyards, Oxley Estate Winery, and North
42 Degrees Winery and Bistro.
Trial Plots
We designed our experiments with the goal of monitoring bird predation at Essex County
vineyards between July 2019 and November 2019. This period covers the ripening season for all
local grape types, beginning when the grapes are small, hard, and green and ending when the
mature grapes are harvested from the vines. We chose five vineyards at which to conduct our
experiments and bird counts, with four of the sites having red grape varietals (Pinot Noir,
Cabernet Sauvignon, Cabernet Franc, and Syrah) and one site having a green variety
(Chardonnay). Before we started conducting trials, we mapped the location in each vineyard of
the different grape cultivars as well as the surroundings habitat (e.g., forest edge, electrical wires,
open field).
We used two approaches to categorize the surroundings adjacent to the experimental
plots. First, we separated the surroundings based on the availability of nearby continuous
perching opportunity (i.e., within 15m), assigning the plots either ‘open’ for lack of continuous
perching (e.g., fields and grass areas), or ‘perch’ for presence of continuous perching (e.g., trees,
electrical wires). We then defined the plot surroundings based on their habitat into categories of
‘open’ when the area was any type of open area like agriculture fields or large grassy areas,
‘forest’ when the area was directly bordered by a woody forest, and ‘mixed’ for the areas that
had a combination of hydro wires, tree lines, buildings, fields etc.
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We chose which vineyards to study based in part on the deterrent methods already being
deployed at the vineyard. Our experiments were conducted in an active system where deterrents
were already being used in the fields, so to minimize conflict with current strategies used at each
vineyard, we chose where each deterrent should be tested based on regular vineyard use. For
example, to test our hawk kite at a location, a vineyard must already have had hawk kites in their
possession to be deployed throughout the vineyard, ensuring that birds in the area were still
exposed to the stimulus when our trials were not in session. We chose the location in the
vineyard to set up our experiments based on grape type, location within the vineyard, and
surrounding habitat. The first criterion required the grapes to be accessible to birds; therefore, we
chose plots that were near trees or other perching areas (Tripplett et al., 2012). We also chose
plots free of netting. Finally, we preferentially chose plots of red grapes where available since
red grapes are thought to be targeted more heavily by birds than green grapes (Watkins 2002,
vineyard managers: K. Donohue, J. Klassen, personal communication). However, one location
had only one unnetted cultivar consisting of Chardonnay grapes and therefore represents the only
green grape cultivar in our study. Once we chose the locations of experimental trials, we marked
an area of observation based on how far away we could confidently identify the species and
numbers of birds entering and exiting from the area. The plot sizes varied slightly but were 10
rows or approximately 27.4 m  2.01 (mean  S.E.) across and 30.48m  0.8 in depth, and
therefore approximately 835 m2 overall.

Deterrent Trials
We conducted trials using one control and four types of deterrents: drone flights, hawk kites,
speakers with avian predator calls, and propane cannons (see below for details on each type of
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deterrent tested). We initially conducted trials between the hours of 7:00 am and 12:00 pm to
capture the highest levels of bird activity (Berge et al. 2007), but these times were adjusted as the
season progressed to account for changes in daylength and the return to standard time from
daylight savings time.
Trials lasted 40 minutes, unless they had to be aborted due to technical issues or weather
conditions. We did not conduct trials in the rain (Herrmann and Anderson 2007). A single
observer (GB) conducted all trials in the field. The observer wore a camouflage ghillie suit and
sat atop a stepladder wrapped in camouflage fabric in order to clearly see the full length of the
experimental plot (Berge et al. 2005). We recorded the time (to the minute) when a deterrent was
activated during a trial (i.e., when the propane cannon fires, speaker plays sound, kite is actively
flying, or drone is in the air). Following similar methods in previous studies, we used bird count
data to monitor activity in the experimental plot (Berge et al. 2005, Wilwerth and Fitzgerald
2010, Schlichting et al. 2017). We recorded bird activity by the minute and we recorded the
species name only when it could be reliably identified with binoculars; species that could not be
identified were categorized as ‘unknown’. In addition to recording species and time, we also
recorded whether a bird was going in the plot (hereafter “in”), out of the plot (hereafter “out”), or
if it was flying/walking through the plot (hereafter “through”). Typically, trials were conducted
across multiple vineyards a day, and a maximum of five trials were conducted daily. The order of
deterrent trials was rotated weekly to ensure trials were not confined to a specific time of day.
However, some deterrents were more affected by weather and could only be tested when
conditions were favourable, which could sometimes lead to changes in the order of daily trials.
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Deterrents
Each deterrent trial has two parts to it, an active period and an inactive period. The deterrents are
active when they are in operation (i.e., cannon firing, speaker playing, kite flying, drone flying),
and the inactive times are the periods before or after operation when the deterrents are quiet or
still.
We conducted five trial types throughout the field season. The first trial type was the
propane cannon (Fraser 2010). Following the Ontario Ministry of Agriculture, Food and Rural
Affairs fact sheet on using propane cannons to deter birds, we set the cannons to frequency 3
which should fire every 8-16 minutes and set the loudness to ‘B’ (the loudest setting). We
maintained the same settings across all the vineyards at which propane cannon experiments were
conducted. However, some cannons took more or less time to fire despite the settings remaining
unchanged, perhaps as a result of age of the cannons or the battery life (vineyard manager
Donohue, K, personal communication). When cannon trials were not in progress they were
turned off so as not to interfere with the ongoing trials, but were reactivated upon leaving the
vineyard. The propane cannons were positioned either in the experimental plot, or very close to
it, and left there for the duration of the season.
The second trial type was the use of speakers playing avian predator calls. We used
Scorpion speakers and programmed them with the calls of avian predators: red-tailed hawk
(Buteo jamaicensis), red shouldered hawk (Buteo lineatus), Cooper’s hawk (Accipiter cooperii),
sharp-shinned hawk (Accipiter striatus), barn owl (Tyto alba), and barred owl (Strix varia). We
chose five recordings for each of these species from the Macaulay Library
(https://www.macaulaylibrary.org/) and we created several playlists using one of the five
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recordings from each species to minimize pseudoreplication. We broadcast the recordings at 100
dB(A) SPL, which was measured 1 m from the Scorpion speaker with a sound level meter
(Casella CELe240; Casella CEL Inc., Buffalo, NY, U.S.A.). The volume of the stimulus
broadcasted was similar to that of the birds’ natural vocalizations. During the experimental trials,
we positioned the speaker inside the experimental plot and activated the stimulus 3 times during
each trial for 5 min when the trial had run for 10 and 25 minutes, and once more at the 40-minute
mark for a single minute to mark the end of the trial.
The third trial type was drone flights with a small drone (Holy Stone HS700 with remote
controller and camera) (Dyck 2017). Halfway through the trial at the 20-minute mark, we
activated the drone and flew it above the experimental plot, back and forth across the rows for 5
minutes. Because of difficulties setting up the drone and the limited battery life, the drone was
occasionally activated later in the trial, and sometimes the battery depleted faster than predicted,
thereby cutting the activation period short. The camera on the drone was linked to a cell phone
via the Ophelia GPS Application which allowed us to see from the drone’s perspective while
flying. We positioned the camera to record what was below the drone in order to capture any
birds moving about which we could not see. We used a voice recorder to document the bird
activity we witnessed during the drone flight. Later in the day, we cross-referenced the voice
recording with the video from the drone to record all activity in the plot. We did not fly the drone
under very windy conditions. Each day, we assessed the weather to decide if it was safe to fly the
drone (Harris and Davis 1998). Local wind readings were a good indicator of flight safety (winds
and wind gusts over 22km/hr were usually not suitable weather); however, some vineyard plots
were sheltered by trees while others were more open, and this affected the conditions under
which the drone could operate.
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The fourth trial type was the use of a hawk kite. Specifically, we used an Osprey kite
with a 1100mm wingspan on a long 5.5m black telescopic fiberglass pole for the experiments,
similar to the model made by Jackite (Osprey Unassembled, Jackite, Virginia Beach, VA). For
the kite trials, we anchored the pole and kite in the middle of the experimental plot, and the kite
was considered “active” whenever it was flying in the wind and “inactive” when it was hanging
motionless against the pole with no wind. As with the drone, the kite was subject to weather
conditions and we did not fly it in very high winds to avoid the risk of breaking the pole or
tearing the kite as per the usage guidelines.
Our final trial type consisted of control trials. These were conducted at the same
frequency as the other trials and were done at each vineyard site. During the control, we
simultaneously set up all the deterrents that were applicable for the given location, but we left
them all inactivated. For instance, the speaker was hanging in the field but not turned on, the
drone was sitting on the wires but not flying, the pole for the hawk kite was put up with no kite,
and the cannon was present but turned off. Because of the size and bulkiness of the Propane
cannons, their position did not change during any trials, but they were only actively firing during
the propane cannon trials.

Statistical Methods
All statistical analyses were conducted in R (R Development Core Team 2020), and some data
were log transformed to achieve normality. Where applicable, we tested for the effect of trial
start time, whether the grapes had gone through seasonal colour change (veraison), Julian date,
and surrounding habitat for our analyses. As described earlier, each trial type had periods of
activation where the deterrent is being actively used (e.g., speaker playing predatory calls,
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cannon firing) and periods of inactivation where the deterrent is not in use (e.g., speaker quiet,
cannon not firing). As such, trial type data are subsetted by this activation variable. For each
analysis, we looked separately at the birds moving out of the experimental area, into the
experimental area, and through the experimental area.
To test whether deterrent activation influenced bird movement in the vineyard, we
created generalized linear mixed models using a Poisson distribution to account for non-normal
data distribution, with activation, date, trial time, version, and habitat as our fixed effects and
Trial ID as our random effects in the model using the R package glmmTMB (Mollie et al. 2017).
We then conducted post-hoc tests for our categorial fixed effects by comparing least-square
means, using the R package emmeans (Russell 2020).
To test whether the activation of a deterrent keeps the birds away during the inactive
periods following deterrent activation, we subsetted the data to include the first period of
activation and the following period of inactivation. We then created generalized linear mixed
models using a Poisson distribution, with activation, date, trial time, version, and habitat as our
fixed effects and Trial ID as a random effect in the model. Finally, we conducted post-hoc tests
for our categorial fixed effects by comparing least-square means.
To test for the presence of short-term habituation, for each deterrent we subsetted the data
to include the first period of activation and the second period of activation. We then created
generalized linear mixed models using a Poisson distribution, with activation, date, trial time,
version, and habitat as our fixed effects and Trial ID as a random effect in the model. Finally, we
conducted post-hoc tests for our categorial fixed effects by comparing least-square means.
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To test which deterrents are most effective at repelling birds, we included all deterrents
and the control, and we created generalized linear mixed models using a Poisson distribution,
with activation, date, trial time, version, and habitat as our fixed effects and Trial ID as a random
effect in the model. Finally, we conducted post-hoc tests for our categorial fixed effects by
comparing least-square means.
To test the effect of time of year on bird activity, we utilized the bird count data from the
control trials and created generalized linear mixed models using a Poisson distribution with Trial
ID as a random effect in the model. We then used the information from the model summaries to
derive the change in bird activity relative to Julian date.
To test for the presence of long-term habituation of the birds to the deterrents over the
course of the season, we subsetted the data to include only the first activation period for all
deterrents. We then utilized the bird count data from the control trials and created generalized
linear mixed models using a poison distribution with Trial ID as a random effect in the model.
Finally, we used the information provided in the from the generalized linear mixed model
summaries to determine whether there was any change in bird activity relative to Julian date, and
if so whether it is a positive or negative relationship.

Results
In this study we experimentally tested the efficacy of four avian deterrents across multiple
vineyards. First, we tested how the activity of the birds coming in and out of the vineyard
changed between periods of deterrent activation and inactivation. We expected more birds to
enter the plot when the deterrents were inactive, and more birds to leave and go through the plot
during deterrent activation. Supporting our predictions, the cannon trials had more birds leaving
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the plot and moving through the plot during periods of activation (Table 2.2). Also, in support of
our predictions, the speaker trials had more birds moving through the plot during periods of
activation, but more birds entering the plot during periods of inactivation (Table 2.2). Contrary to
our predictions, the drone trials did not show any significant difference in overall bird movement
during activation and inactivation of the drone (Table 2.2). Also contrary to our predictions,
during the kite trials more birds were observed moving through the area when the kite was
inactive (Table 2.2).
Second, we tested whether deterrent activation would keep the birds out of the vineyard
during subsequent periods of inactivation. If so, we would expect more birds to leave and move
through the plot during periods of activity and fewer birds to return during the period of
inactivation. Following our predictions, the cannon trials had significantly more birds leave the
area and move through the field during the period of activation (Table 2.3). The speaker trials
had significantly more birds leaving the area during the period of inactivation (Table 2.3).
Contrary to our predictions, the drone trials had significantly more birds leaving the area during
the period of inactivation (Table 2.3). Also contrary to our predictions, the kite trials showed
more birds entering the area when the deterrent was active (Table 2.3), and more birds going
through the vineyard during periods of inactivation (Table 2.3).
Third, we wanted to determine whether any of the deterrents were subject to habituation,
either in the short-term (within the same trial) or the long-term (throughout the season). If shortterm habituation is present, we would expect fewer birds to exit and move through the vineyard,
and more birds to enter the vineyard, during the second period of activation. For long-term
habituation, we would expect fewer birds to move out and through the vineyard during the first
activation period, and more birds to enter it later in the season; and during the following inactive
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period we would expect more birds to enter the field and be moving around. Contrary to our
predictions for short-term habituation, the cannon trials had more birds leaving the area during
the second activation (Table 2.4), but there were more birds going through the area during the
first activation which is in line with our predictions (Table 2.4). Similarly, during the speaker
trials, significantly more birds exited the field during the second period of activation (Table 2.4).
Short term habituation cannot be tested for the drone trials because they are only active once
during each trial. The kite trials only showed significance for birds entering the area and more
birds came in during the second activation period, showing limited support for our predictions
(Table 2.4). Only the seasonal response of birds moving through the vineyard during cannon
activation had a significant outcome. More birds were moving through the vineyard later in the
season as predicted, but there was no significance in difference of birds entering or leaving the
vineyard, ultimately showing limited support for our habituation predictions. When looking at
birds’ response to deterrents and comparing their activity during the second period of
inactivation with Julian date, we found no significant patterns in any direction of movement
(Table 2.5).
Fourth, we wanted to compare the efficacy of the different deterrents to assess which
were most effective by analyzing the post hoc results for activation obtained from an ANOVA
test for a deterrent activation comparison. We found that cannons were more effective at driving
birds out of the vineyard study plots than drones, kites, and control trials. None of the other
comparisons between deterrents were significantly different (Table 2.6).
Finally, we wanted to see whether there was an overall seasonal pattern of bird activity in
the vineyard by comparing activity in the control trials with Julian date. We found that there was
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no significant difference in the birds’ activity levels throughout the season from July to
November.

Discussion
In this study, we experimentally compared the effectiveness of four avian deterrents in multiple
vineyards in the Essex County area by testing drones, acoustic playback, propane cannons, and
hawk kites. We found that the propane cannon was most effective at influencing bird movement
in the vineyards, followed by the speaker playing predator calls. We also found that the kite and
drone had no significant effect on bird movements. We found limited evidence of habituation,
short-term and long-term, to the deterrents, and no evidence that the effects of the deterrents last
and keep birds away during periods of inactivation. We also found no significant patterns of bird
activity through the season from late July to early November. Based on our results, propane
cannons were the most effective deterrents at influencing bird movement in the area, but a
combination of deterrents would likely enhance the success even further.
Propane cannons were the first of the two auditory deterrents evaluated in our study.
Previous research on propane cannons as avian deterrents has showed that while they can be
effective, there is also the possibility of habituation when the cannons used too frequently
(Watkins et al. 2000). The cannons can also lead to conflicts between vineyards and local
residents because of their loudness and frequency of use, especially during certain times of the
day (Lindell et al. 2012). Because propane cannons are so commonly used in agricultural settings
(Bishop et al. 2003), we expected them to repel birds from the vineyards. We found that indeed,
when activated, the cannons were successful at not only moving birds around the experimental
plot but driving them out of the area completely. We also noted that later in the season, after the
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cannons had been in use for a long time, they began to fire outside the set time constraints, so
without proper maintenance checks they may lose effectiveness as the season progresses. We did
not detect any evidence of habituation to the cannon based on how we used them in this study.
The second auditory deterrent that we tested in this experiment was speakers
broadcasting avian predator calls. We found that while the speakers elicited a positive response
in causing the birds to move around the vineyard, they were not successful at driving the birds
out of the experimental plot entirely. This result is consistent with an observation on the Niagara
Peninsula in 1974, which noted avian responses to a number of deterrents including alarm calls;
they documented that the birds would move about 10 yards away, but rarely left the vineyard
altogether (Brown 1974). An important note to make, however, is that while we were able to
load the speakers with predator calls of local species, many commercial deterrent speakers come
preloaded with a series of different auditory sounds. Further testing on which of the select
options available on these pre-recorded sets are best suited for protecting against bird predation
would be beneficial.
The hawk kite did not have any notable success in scaring birds away from the vineyard.
There have been conflicting results of usefulness with regards to hawk-kites in agricultural areas;
some previous studies determined that hawk kites were an effective method that successfully
protected a blueberry field and reduced berry loss (Conover 1982), while others found them
relatively ineffective on other crops due to fast habituation within hours after deployment (Inglis
1980, Conover 1983, Harris and Davis 1998, Bishop et al. 2003). Our results are consistent with
the latter studies. To increase the effectiveness of hawk kites, it has been recommended to move
their location frequently, which has shown some success in mitigating habituation (Fraser et al.
1998); however, due to the nature of our experiment, our hawk kite was flown in the same
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location throughout the entire season, which could be a contributing factor to its lack of
effectiveness.
We were surprised to find that the drone was ineffective at deterring birds from the
experimental vineyard area. A possible reason for this result is that even though our drone
produced a moderately loud buzzing noise when in operation, it did not include a separate
auditory aspect like a speaker emitting predatory calls or sirens, which can be found on some
drone models (Yashon 1994, Harris and Davis 1998). Model aircraft and drones equipped with
noise devices have previously been used in Israel to prevent bird strikes to aircraft with relative
success (Yashon 1994, Harris and Davis 1998). Since using multiple deterrents that complement
each other is frequently recommended for vineyard protection (Fraser et al. 1998, Tracey et al.
2007), having a drone equipped with a loudspeaker could increase the effectiveness of a drone
deterrent, especially considering that the two auditory deterrents we tested were so effective.
While our drone did not significantly deter birds from the vineyard when it was moving through
the experimental plot, we observed a general avoidance of birds redirecting themselves around
the drone. It is possible that the use of larger drones which naturally produce more noise could be
perceived as more of a threat, but further research is needed.
Regardless of the efficiency of a deterrent is when it is active, there will necessarily be
periods of inactivation. Therefore, any deterrent that can prevent or delay the return of birds
during these periods will be valuable in the protection of vineyards. However, none of our
deterrents successfully lowered the number of birds entering the vineyard during the inactive
period following deterrent activation. It is possible that once activation stops, the birds only need
a few minutes to realize the threat has passed and they can safely resume foraging and normal
activities (Magrath et al. 2007). This issue is a compelling argument for the use of multiple
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deterrents in conjunction with each other (Bishop et al. 2003), so that when one is inactive
another may be active, thereby reducing the effect of bird damage between periods of deterrent
activation. Deterrent combinations that may compliment each other well include drones with
auditory aspect (siren or predatory calls) (Harris and Davis 1998), hawk kites paired with
speakers broadcasting predator calls (Watkins et al. 2000), and hawk kites attached to inflated
scare-eye balloons (Bishop et al. 2003).
Habituation is an ongoing issue that vineyard managers attempt to combat (Belant et al.
1998, Berge et al. 2005, Harris et al. 1998). However, we did not find any concrete evidence of
either short-term or long-term habituation during our trials. It is possible that our results conflict
with previous research due to differences in experimental design. While previous research in the
agriculture sector has deployed categories of deterrents similar to those we tested (Berge et al.
2005, Berge et al. 2007), they were moved around the field and not always present in the same
location. In our experiment, we used the same experimental plots throughout the duration of the
study. Another possibility is that the level of bird activity in our experimental plots was simply
not high enough to capture the habituation process even if it did occur. Finally, it is possible that
the birds habituated to the vineyard deterrents present outside our study plots.
As discussed earlier, the two deterrents that significantly affected bird movement in our
study were the propane cannons and the speakers broadcasting predator call. However, directly
comparing all the deterrents to each other gives an indication of which methods are most
effective and will best protect the field if options are limited. We found that the cannon drove
significantly more birds out of the experimental plot compared to the drone, kite, and control
trials. However, there was no notable difference between the cannon and the speaker. These
findings suggest that the cannon is the most effective at driving the birds out of the vineyard, and
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that the speakers are likely quite effective as well. Our findings are consistent with previous
research, which highlights propane cannons as effective methods for deterring birds from fields
(Tracey et al. 2007, Steensma 2009). A 2009 study found that although cannons’ effectiveness
peaks at approximately 15 days, European starling counts during cannon trials continued to be
lower than the control trials. These findings suggest that even if propane cannons lead to
habituation, they are still a useful deterrent to deploy for crop protection (Steensma 2009).
There are many possible contributing factors that can affect the levels of bird activity an
area will experience over a year. The time of year is typically one of these factors (Somers and
Morris 2002); however, in our analyses we did not see a significant seasonal change in bird
activity. A possible reason for this is that, because we did not want the bird activity for this
analysis to be influenced by the presence of deterrents, we used only the control trials; however
by doing this we were only able to include roughly one fifth of the observation time that was
spent in the field. Additionally, the experimental plots were roughly 835m2, which is only a
fraction of the vineyards’ total size, and there was considerable activity observed throughout the
vineyard that was not documented in the experimental section, especially in ‘hot spots’ of bird
damage (Wilwerth and Fitzgerald 2010). Another alternative is that bird activity is variable but
that daily variation is much greater than seasonal variation, especially later in the season when
birds tend to travel in flocks and visit the vineyard hotspots all at once. This could explain why
there were certain days where bird activity was very high while others were completely devoid
of bird activity. In future research aimed at documenting the change in bird activity throughout a
period of time in vineyards, we recommend multiple observers stationed at different locations in
the vineyard to cover a larger area and obtain a more accurate representation of the vineyard’s
bird activity.
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There were a number of limitations in our study that impacted the design of our study and
may have influenced our results. Firstly, the number of vineyards participating in the study was
limited to the options we had in the area, and each of the vineyards in the study had only select
grape cultivars to work with. In addition, some of these locations and cultivars were netted while
others were not, which further reduced the options for experimental locations (Tracey and
Saunders 2003). Secondly, when designing the deterrent experiments, we only used deterrents
that were similar to ones already deployed in each vineyard, apart from the drone which was
used in vineyards not bordering residential areas or roads. Because of this, we weren’t able to
test every deterrent at each vineyard. Finally, during the deterrent observation experiments, 51%
of the trials had no bird activity, which was a major drawback when conducting analyses.
Overall, we found evidence that two deterrents, speakers and cannons, were effective at
eliciting a response from birds in vineyards either by driving them away from the field or
relocating them within an area, but overall the cannon was the most consistently effective at
deterring birds. However, propane cannons have their drawbacks and are often disruptive to
nearby residential areas (Bishop et al. 2003, Tracey et al. 2007), and are even prohibited in some
areas, so more research would be beneficial to find deterrents or combinations of deterrents that
are both functional and respective of nearby residents. Future research in this area should include
studies working with a greater diversity of vineyards, and, if possible, use full blocks dedicated
to manipulation for experiments. This field of research would also benefit from a comprehensive
study focusing on the movement of birds in areas with vineyards, regardless of deterrents
present, in order to help vineyards predict when bird activity will be most damaging to their
crops so that proper protection measures can be put in place. We noted during our study that
while our experimental plot did not always have bird activity, certain areas of the vineyards were
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more prone to birds than others, despite the presence of some deterrents. This could be based on
habitat since we did note that habitat was sometimes related to the number of birds present. We
therefore highly recommend that individual vineyards conduct field surveys on a regular basis to
pinpoint the areas where the most birds congregate.

Management Implications
Our research combined deterrents tested in previous literature in a single experimental study to
evaluate their effectiveness relative to one another and to help determine how non-invasive
deterrents can be used to maximize their protectiveness. Cannons, while irritating to nearby
residents, proved the most successful at driving birds out of the vineyard, with speakers
broadcasting predator calls being the second most effective. While hawk kites and drones were
not found significantly effective on their own, they have the potential to increase in effectiveness
when used in conjunction with other deterrents. Therefore, we recommend an integrated bird
control strategy that uses multiple deterrents in the area of vineyards that consistently experience
high bird activity. In addition, while we didn’t have much success with drones, this new
technology is constantly evolving, so they may be more useful in the future if they continue to
become less expensive and incorporate new features such as having louder auditory components,
imitating the silhouette of a predatory bird, and optimizing automated flight options. Until these
options are available, however, if vineyards choose to deploy drones we recommend equipping
them with an acoustic aspect and reserving their use for periods of high bird activity. In addition,
actively documenting which areas are most frequently visited can make an important difference
in the protection of valuable crops. Understanding the finer details of where damage is most
prevalent and how vineyards can best utilize their available deterrents will help them manage the
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local bird populations and protect valuable crops in an environmentally friendly and
economically sensible manner.
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Figures and Tables

Figure 2.1: The four avian deterrents tested in this study representing three of the six avian
deterrent categories (Table 1). A) Foxpro Scorpion Speaker (acoustic deterrent) broadcasts calls
of local predatory birds B) Osprey shaped hawk kite (visual deterrent) attached to a 5.5m pole
that moved naturally with the wind to imitate a flying osprey C) Holy Stone HS700 Drone
(scaring deterrent) flown over vineyard scanning each experimental row D) Propane cannon
(acoustic deterrent) set to fire loud bangs randomly every 8-16 minutes.
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Table 2.1: Avian deterrents that can be used in vineyards to protect grapes from birds. Deterrents
can be grouped into categories (Visual, Acoustic, Scaring, Lethal, Chemical, Exclusion) and vary
in both effectiveness and cost.
Deterrent
Categories
Visual

Examples

Advantages

Drawbacks

References

Scare eye balloons,
hawk kites

Relatively
inexpensive,
easy to deploy

Habituation

Belant et al. 1998,
Fraser 1998, Harris et
al. 1998, Avery 2002

Acoustic

Propane cannons,
broadcast speakers

Easy to maintain,
relatively
effective

Habituation,
irritation to
neighbours

Bishop et al. 2003,
Harris and Davis 1998,
Linz et al. 2011

Scaring

Model planes,
drones

Resemble natural
predators

Training required
to operate, costly

Tripplet et al. 2012

Lethal

Trapping, shooting

No habituation
permanently
removes some
birds

Limited removal
of birds, legal
regulations

Triplett et al 2012,
Delwiche et al. 2005,
Stone et al. 1974,
Migratory Birds
Convention Act, 1994

Chemical

Methiocarb (tasteaversion chemical)

Large area of
coverage,
no habituation

Legal regulations,
possible
environment harm

Conover 1982,
Stone et al. 1974

Exclusion

Netting

Always in effect,
very effective

Expensive,
labour intensive

Triplett et al. 2012,
Berge et al. 2005,
Tracey and Saunders
2003
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Table 2.2: Experimental tests of bird activity in response to four avian deterrents in Essex County vineyards. Comparing birds moving
out of the field (O), into the vineyard (I), and through the fields (T) between periods of deterrent activity and deterrent inactivity
(on/off). Table also includes estimates (Est) and Standard Errors (S.E.)

Treatment
Drone

Canon

Speaker

Kite

Predictor
on/off
Veraison (N/Y)
Date
Start time
Habitat
on/off
Date
Start time
Habitat
on/off
Veraison (N/Y)
Date
Start time
Habitat
on/off
Veraison (N/Y)
Date
Start time
Habitat

2
(O)
2.98
0.10
2.03
4.32
15.18
755.57
2.04
0.36
3.52
0.34
4.31
4.72
3.07
1.68
0.53
0.18
0.12
0.01
9.64

2
(I)
0
0.49
1.48
2.98
13.94
0.0001
1.27
0.20
2.52
4.59
3.74
3.44
1.94
0.46
0.81
0.15
0.81
0.06
7.80

2
DF
(T) (O/I/T)
0.27
1
0.47
1
2.73
1
0.39
1
11.03
2
205.8
1
4.13
1
1.07
1
2.49
2
7.95
1
3.36
1
6.74
1
0.05
1
0.38
1
9.08
1
1.69
1
0.96
1
0.31
1
5.001
1

P-value
(I)
0.99
0.49
0.22
0.08
0.0009
0.99
0.26
0.65
0.28
0.03
0.05
0.06
0.16
0.50
0.37
0.70
0.37
0.80
0.005

P-value
(O)
0.08
0.75
0.15
0.04
0.0005
<0.001
0.15
0.55
0.17
0.56
0.4
0.03
0.08
0.20
0.46
0.68
0.73
0.90
0.002
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P-value
(T)
0.60
0.49
0.10
0.53
0.004
< 0.0001
0.04
0.30
0.29
0.005
0.07
0.009
0.82
0.54
0.003
0.19
0.33
0.58
0.02

Est
(O)
-0.63
-0.49
10.35
-7.47

Est
(I)
-24.59
1.05
8.50
-6.25

Est
(T)
0.33
0.79
10.76
-1.85

S.E.
(O)
0.37
1.55
7.27
3.59

S.E.
(I)
55563.65
1.50
6.98
3.62

S.E.
(T)
0.63
1.16
6.51
2.97

2.13
6.75
2.54

-19.66
11.47
-2.89

2.17
18.30
6.04

0.08
4.73
4.22

0.14
2.00
8.78
-2.98

-1.30
2.09
8.55
-2.46

0.47
4.19
25.11
0.92

0.23
0.96
4.04
1.70

0.61
1.08
4.61
1.76

0.17
2.28
9.68
3.99

0.13
0.81
-3.88
0.54

0.15
0.69
-8.91
1.0

-2.44
-1.38
-7.96
-1.26

0.18
1.94
11.30
4.42

0.17
1.76
9.91
3.97

0.81
1.06
8.11
2.26

2496.02 0.15
10.17 9.00
6.44 5.83

Table 2.3: Experimental tests of bird activity in response to four avian deterrents in Essex County vineyards by quantifying the birds
exiting (O), entering (I), and moving through (T) the fields and comparing periods of activity and the subsequent periods of inactivity
to determine whether the deterrents keep the birds away (on/off). Table also includes estimates (Est) and Standard Errors (S.E.)
Treatment
Predictor
Drone
on/off
Veraison
(N/Y)
Date
Start time
Habitat
Canon
on/off
Veraison
(N/Y)
Date
Start time
Habitat
Speaker
on/off
Veraison
(N/Y)
Date
Start time
Habitat
Kite
on/off
Veraison
(N/Y)
Date
Start time
Habitat

2
2
(O)
(I)
4.0 <0.0001

2
DF
(T) (O/I/T)
0.09
1

1.77
0.003
0.40
0.009
1.14
1.14
4.99
4.45
0.91
10.71
2.30
4.23
85.80 <0.0001 171.81

P-value
(O)
0.05

P-value
(I)
0.998

P-value
(T)
0.76

Est
(O)
-0.76

Est
(I)
-20.82

Est
(T)
0.21

S.E.
(O)
0.38

1
0.18
1
0.92
1
0.02
2
0.005
1 <0.0001

0.96
0.28
0.04
0.32
0.99

0.53
0.29
0.34
0.12
< 0.0001

-2.12
1.04
-8.78

-0.10 1.24
-12.91 13.69
-16.27 -5.35

1.59
10.85
3.93

0.32
9.12
1.86

0.01
0.88
0.08
2.13
9.29

0.08
0.28
0.06
1.22
2.76

0.12
5.60
4.30
4.21
0.19

1
1
1
2
1

0.91
0.35
0.78
0.34
0.002

0.78
0.60
0.80
0.54
0.10

0.73
0.02
0.04
0.12
0.66

1.51
0.86
1.61
0.36
0.24

3.97
3.62
0.88
2.88
4.64

3.88
9.96
0.01
2.24
9.94

1
1
1
1
1

0.22
0.35
0.20
0.55
0.62

0.04
0.06
0.35
0.09
0.03

0.80
2.27
0.05
0.08
0.06
0.03
15.92 0.0003

1
1
1
1

0.42
0.37
0.58
0.82
0.41
0.81
0.001 <0.0001

0.65
0.31
0.69
10.91

52

1.42

-28.87

2.89

S.E.
(I)
9115.95

S.E.
(T)
0.68

1.94 1.96
12.07 12.84
7.713 5.61

0.15 362000.22

0.22

1.26 0.98
10.39 33.79
-3.01 14.18

2.79
9.70
6.63

4.48 2.88
19.57 14.28
11.98 6.84

-1.23

-1.26

0.11

0.40

0.76

0.26

0.05
0.002
0.91
0.13
0.002

1.83
6.10
-4.14

3.66 4.65
14.48 29.81
-2.81 -0.43

1.49
6.58
3.26

1.84
7.61
2.99

2.36
9.45
3.64

0.19

1.12

-3.21

0.39

0.52

1.02

0.31
0.78
0.86
0.99

-1.66
7.41
3.31

-1.56
-2.07
0.88

2.11
-2.32
-0.61

2.06
13.40
3.99

1.74
8.96
3.58

1.40
8.25
3.32

Table 2.4: Experimental tests of bird activity in response to three avian deterrents in Essex County vineyards. Comparing the birds
exiting (O), entering (I), and moving through (T) the vineyards during the first and second periods of activity (on1/on2) to investigate
short-term habituation. Table also includes estimates (Est) and Standard Errors (S.E.)
Treatment
Canon

Speaker

Kite

Predictor
on1/on2
Veraison
(N/Y)
Date
Start time
Habitat
on1/on2
Veraison
(N/Y)
Date
Start time
Habitat

2
(O)
23.35

2
(I)

0.06
1.99
0.005
2.32
5.63

0.30

9.12
7.83
0.61
2.37

1.27
0.04
0.92
0.11

on1/on2
Veraison
(N/Y)

3.22

Date
Start time
Habitat

2
DF
(T) (O/I/T)
23.58
1

P-value
(O)
<0.0001

P-value
(I)

P-value
(T)
<0.0001

Est
(O)
-0.74

0.01
0.03
0.20
0.89
0.29

0.83
19.17
0.54

0.006
0.66
0.40

6.48
4.49
3.19
0.02
1.11

1
1
1
2
1

0.81
0.16
0.94
0.31
0.02

0.59

7.43
0.19
0.71

1
1
1
1

0.002
0.005
0.43
0.12

0.26
0.84
0.34
0.74

5.44

1

0.07

0.02

-0.43

0.01

0.06

1

0.90

0.80

-0.36

0.31
1.31
4.48

0.004
0.13
4.87

1
1
1

0.58
0.25
0.03

0.95
0.72
0.03

10.65
8.18
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Est
(I)

Est
(T)
1.75

S.E.
(O)
0.15

28.45
12.07

3.41
13.60
7.77

S.E.
(I)

11.18
5.69

-1.06

0.042
0.67 2.21

0.45

4.39
16.98
-1.71

3.12 21.14
2.66 -1.50
5.23

1.45 2.77
6.07 13.46
2.19 5.44

0.53
0.69
0.80
1.94

S.E.
(T)
0.36

1.23

0.24

0.23

2.84

2.71

19.01 12.04
7.13 5.44

0.30
2.10
7.76
3.44

Table 2.5: Direct comparison of bird activity in response to four avian deterrents in Essex
County vineyards. Table also includes estimates (Est) and Standard Errors (S.E.)
Bird Activity
IN

OUT

THROUGH

Predictor
Trial type
Veraison
(N/Y)
Date
Start time
Habitat
Trial type
Veraison
(N/Y)
Date
Start time
Habitat
Trial type
Veraison
(N/Y)
Date
Start time
Habitat

2 DF
10.49
8

P-value
0.23

Est

S.E.

6.12
4.20
1.03
35.11
765.50

1
1
1
2
8

0.01
0.04
0.31
<0.0001
< 0.0001

1.70
5.98
-1.46

0.69
2.92
1.44

4.16
4.21
1.94
29.47
223.29

1
1
1
2
8

0.04
0.04
0.16
<0.0001
< 0.0001

1.47
6.21
-2.15

0.72
3.02
1.54

5.31
12.51
0.05
12.58

1
1
1
2

0.02
<0.0004
0.83
0.002

2.14
14.08
0.41

0.93
3.98
1.92
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Table 2.6: Post hoc results for Table 2.5 results.
IN/OUT/THROUGH
IN

OUT

THROUGH

Comparison
drone v kite
drone v cannon
drone vs speaker
drone vs control
kite vs cannon
kite vs speaker
kite vs control
speaker vs cannon
speaker vs control
cannon vs control
drone v kite
drone v cannon
drone vs speaker
drone vs control
kite vs cannon
kite vs speaker
kite vs control
speaker vs cannon
speaker vs control
cannon vs control
drone v kite
drone v cannon
drone vs speaker
drone vs control
kite vs cannon
kite vs speaker
kite vs control
speaker vs cannon
speaker vs control
cannon vs control

Est
-27.58
1.06
-26.62
-28.41
28.64
0.97
28.64
27.68
-1.79
-29.46
-0.27
-2.77
-1.32
-0.74
-2.50
-1.05
-0.47
-1.45
0.57
2.02
1.62
-1.26
-0.56
0.33
-2.88
-2.18
-1.29
-0.70
0.89
1.59
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S.E.
291590.9
343484
291590.9
291590.9
181539.4
0.9
181539.4
181539.4
0.8
181539.4
0.93
0.80
0.85
0.81
0.78
0.83
0.80
0.63
0.63
0.58
1.44
1.04
1.06
1.04
1.28
1.28
1.28
0.75
0.74
0.72

t.ratio
0
0
0
0
0
1.05
0
0
2.28
0
-0.29
3.46
-1.56
0.92
3.20
-1.27
0.59
2.32
-0.92
3.48
1.13
1.21
-0.53
-0.32
2.25
-1.71
1.006
0.93
-1.20
2.21

P-value
1.0
1.0
1.0
1.0
1.0
0.98
1.0
1.0
0.35
1.0
1.0
0.02
0.83
0.99
0.04
0.94
0.99
0.33
0.99
0.01
0.97
0.95
0.99
1.0
0.37
0.74
0.99
0.99
0.96
0.40

Table 2.7: Experimental tests of bird activity in response to four avian deterrents in Essex
Country vineyards. Comparing the birds moving in, out, and through the vineyards during
periods of inactivity across the season to investigate the presence of long-term habituation.
Table also includes estimates (Est) and Standard Errors (S.E.)
Treatment
Drone

Canon

Speaker

Kite

IN/OUT/THROUGH
IN
OUT
THROUGH
IN
OUT
THROUGH
IN
OUT
THROUGH
IN
OUT

2 DF
0.53
1
0.27
1
0.59
1
0.004
1
0.15
1
1.35
1
0.73
1
0.04
1
3.14
1
0.30
1
0.12
1

Predictor
Date
Date
Date
Date
Date
Date
Date
Date
Date
Date
Date
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P-value
0.47
0.60
0.44
0.95
0.70
0.25
0.39
0.84
0.08
0.58
0.73

Est
-8.30
-6.82
-14.63
-0.78
-3.81
9.67
7.21
2.12
19.93
-20.86
-8.56

S.E.
11.38
13.08
18.98
12.44
9.75
8.34
8.46
10.34
11.25
38.17
24.80

Chapter 3: Grape and vineyard characteristics and their influence on seasonal predation
by birds
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Chapter Summary
Many flowering plants have evolved attractive signals such as brightly coloured and nutritious
fruits to recruit animals for dispersing their seeds. This natural relationship between plants and
animals leads to conflict in agricultural settings like vineyards, where foraging birds can cause
substantial crop losses. Avian foraging in vineyards typically begins after veraison takes place, a
process during which the grapes grow larger, change colour, and increase in sugar levels. Using
grape samples and vineyard surveys over the course of the growing season, we documented how
15 grape cultivars changed in size, colour, and sugar content over time, and we monitored
weekly grape removal and damage by birds and other sources for over 450 grape clusters from
13 cultivars. We found that red, green, and pink grape cultivars exhibited similar changes in size
and sugar content, but that red grapes underwent a much more dramatic colour change.
Correspondingly, red grape cultivars were much more likely to be removed by birds than green
or pink cultivars. We were also able to determine that grape sugar content can be predicted by a
number of different variables. For red cultivars the top two predictors were RGB (red blue green)
hue and brightness, and for green cultivars they were RGB hue and chroma. These colour
changes many signal fruit readiness to seed dispersers like birds. We found that grape loss from
the vines was mostly caused by birds, whereas grape damage to the clusters was mostly caused
by non-bird related factors such as disease and insects; grape losses tended to affect a larger
proportion of grapes than damage. We were also able to uncover some of the conditions that
influence the incidence of grape removal and damage in the vineyards, including availability of
perching areas nearby, height on the vine, and preventative netting status. Our research shows
how grape cultivars change as they mature over the growing season and the conditions under
which these grapes are at higher risk of bird predation. This information could be used to
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structure vineyard management strategies and optimize protective measures to vulnerable
locations in order to ultimately maximize crop yield.
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Introduction
Over millions of years, fruits and flowers have evolved colours and nutritional qualities to attract
seed dispersers and pollinators (Snow 1971). This relationship between plants and animals is so
strong that it can lead to the co-evolution of colouration in plants and visual preferences in
animals, and can even drive the evolution of animal visual systems (Regan et al. 2001). Plants
have developed various ways of attracting animals as dispersal units, and the animals benefit by
some type of reward, commonly in the form of a nutritional substance such as nectar or fruit
(Schaefer et al. 2008, Valido et al. 2011). Birds in particular are dispersal agents used by many
plant species as a means of distributing seed through fruits and berries.
The symbiotic relationship between fruit plants and birds is essential in nature for seed
dispersal and nutrition. However, this co-evolutionary relationship instigates conflict between
humans and animals when fruits are grown in mass quantities for profit and human consumption
(Lindell et al. 2012). While birds are naturally attracted to fruits, crop loss due to bird damage
represents an important issue of concern facing large fruit production operations (Schaefer et al.
2014). Previous work addressing birds’ use of signals to choose food sources has revealed that
birds actively seek anthocyanins, lipids, and calorie-dense foods in their diets, and that fruit
colour is an important signal of nutritional content (McPherson 1988, Schaefer et al. 2008,
Schaefer et al. 2014). These characteristics that make fruits attractive to birds are also often
characteristics that are sought by growers of fruits for human consumption (Spence 2015). For
example, grapes in vineyards have been under artificial selection by humans to become sweeter
and larger, traits that may also make them more attractive to birds. Previous research quantifying
the economic cost of avian damage to grape crops has found that, if left unchecked, a flock of
birds descending on a vineyard can decimate a significant portion of the crop in just a few days
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(DeHaven 1974). On average, however, most bird-related damage reports in vineyards tend to
fall between 10 and 15% loss with various deterrent methods in place, and prevention measures
have been demonstrated to increase crop yield (Anderson et al. 2013).
As grapes grow and mature, they experience many physical changes. The three stages of
grape maturation described by Dami et al. (2005) proceed as follows: first, after pollination of
the plant, the berries’ cells begin to grow and divide; second, the berries begin to expand as
leaves and shoots continue to grow on the vine; and third, the berries soften and develop new
colours, a process termed veraison, during which the grapes start to increase in sugars and
decrease in acid. Sugar levels can be measured on the degrees Brix scale, which shows the
soluble sugars as a percent of solution by mass. Vineyards monitor Brix as grapes develop to
determine when to harvest them, which depends on whether they are being made into sparking,
white, table, red table, sweet, or dessert wine, ranging between 18° and 26° Brix (Goldammer
2018). Because birds searching for food are most interested in nutritional content (Schaefer et al.
2008), it makes sense that they are ultimately targeting grapes for their fleshy pulp, which
coincides with the change in colour and sweetening, both of which are part of the third step of
grape maturation.
Once the birds have located fields in which to forage, there are multiple types of damage
they can inflict on fruit crops. Birds can have direct negative impacts by removing plant shoots,
chewing foliage, removing buds (Triplett et al. 2012), and eating grapes both fully and partially
(Stevenson and Virgo 1971). While some species such as American robins (Turdus migratorius)
and European starlings (Sturnus vulgaris) pluck grapes whole to eat, other species such as house
finches (Haemorhous mexicanus) eat only the pulp of the grapes by pecking holes and
consuming the insides (Stevenson and Virgo 1971). Grapes opened by birds are susceptible to
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further damage by insects or disease (Tracey and Sauders 2003, Triplett et al. 2012). For
example, a damaged grape left on the vine will decay and rot, often leading to cluster damage
through the attraction of fruit flies, which can potentially cause more serious crop loss than that
initially produced by the birds (Stevenson and Virgo 1971). Therefore, damage caused by birds
can include the removal of grapes and/or the spoilage of grapes as a result of secondary
processes due to initial bird interference (Tracey and Saunders 2003).
The damage sustained within a vineyard tends to be more localized rather than evenly
distributed (Berge et al. 2005). Pinpointing the exact areas in a vineyard that will experience the
highest bird damage can be difficult, but there are some aspects that are known or suspected to
have an effect on predation risk. Bird damage is often concentrated on the edge of crop fields
(Puckett et al. 2009), with damage lessening as the distance from the edge increases (Triplett et
al. 2012). There are also other factors that could affect the level of bird activity in a vineyard. A
field surrounded by perching areas (Puckett et al. 2009), be they natural or human-made, could
attract birds and provide roosting habitat and vantage points while foraging (Tripplet et al. 2012).
These areas can include trees, wooded habitats, powerlines, fences, and building roofs (Tracey et
al. 2007, Tripplet et al. 2012). Documenting patterns of avian foraging in relation to vineyard
characteristics can help owners allocate resources towards managing the areas most likely to
experience high levels of damage (Puckett et al. 2009).
Understanding how maturing grapes change to become more attractive to birds, as well as
avian foraging patterns in vineyards, may help vineyard owners recognize signs of impending
bird predation so that they can improve prevention measures. We sought to address these
concerns using four main objectives in this study. First, we quantified how grape colour, size,
and sugar content changes over the growing season for multiple grape cultivars. Second, we
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investigated whether changes in grape size, colour, and exposure can predict changes in sugar
content, as these variables may be used as cues of nutritional quality by foraging birds. Third, we
assessed how grape removal and grape damage by birds compares to other sources of removal
and damage over time. Fourth, we assessed whether variables related to surrounding habitat and
position in the vineyard, as well as features of the grape cultivars, can be used as predictors of
grape removal and grape damage in vineyards.

Methods
Our study took place in Essex County, a developing wine region in Southwestern Ontario,
Canada with more than a dozen wineries. Wineries began operating in the area in the 19th century
(Town of Essex 2018) and have continued to develop and expand over time. These
establishments vary in location, size, grape variety, and surroundings, all of which can influence
the predation inflicted on crops by local avian species (Stevenson and Virgo 1971). We designed
our study with the goal of monitoring the change in physical aspects of grapes, removal of
grapes, and damage to grapes in vineyards between July 2019 and November 2019. This period
covers the ripening season for all local grape types, beginning when the grapes are small, hard,
and green and ending when the mature grapes are harvested from the vines. We chose 11
vineyard sites at which to conduct research, all of which comprised various grape cultivars and
ranged in size from 11 to 172 acres. There were many different cultivars available throughout the
vineyards, but we chose to include only those that were grown at more than one vineyard and we
excluded most hybrid and experimental cultivars from our study in order to focus on more
commonly grown varieties, including Pinot Gris, Pinot Noir, Syrah, Cabernet Franc, Cabernet
Sauvignon, Merlot, Gewürztraminer, Chardonnay Musqué, Chardonnay, Sauvignon Blanc,
Auxerrois, Riesling, and Vidal. In addition, we included Baco Noir and Marquette for our grape
63

measurement analyses. To begin, we mapped where in each vineyard the different grape
cultivars were located as well as what surrounded the perimeter of the vineyard (fields, wires,
water, trees, buildings, forests, edge of vineyard plot, middle of vineyard plot, grass, and roads).
We also categorized the grape cultivars based on the extent of colour change they experienced
from the beginning to the end of the growing season. To do this, we searched for images of fully
ripened grapes for each cultivar and then grouped them into ‘red’ if they turn from green to a
darker colour (typically red, blue, or deep purple), ‘green’ if the variety changed colour slightly
but remains mostly green and slightly yellow, and ‘pink’, which only applied to a single cultivar
that turned pink but was not dark enough to be included with the others.

Grape collection for size, sugar content, and colour analyses
We sampled a total of 15 grape cultivars from 8 different vineyards (8 red varieties, 6 green
varieties, and 1 pink variety). For each grape type sampled we chose two locations, one at each
of 2 different vineyards, with the exception of Marquette, Baco Noir, and Gewürztraminer,
which were only available at a single vineyard). These locations were identified with orange
flagging tape to ensure that grapes were taken from the same area for each location. We collected
grape samples at these locations from the beginning of the season until they were harvested, and
if a location had to be moved due to factors outside our control, a note was made of the change
and the nearest available location was used in its place.
At each sample site we collected two grapes from an exposed location where they were
out in the open and two grapes from an unexposed location where they were sheltered by leaves
or other berries. We chose to sample from a single area rather than an individual plant to account
for possible influences of individual plant health; also, by using this approach, when a section
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was trimmed and previously unexposed clusters became exposed, there were still enough grapes
in the area to collect for each category. During collections, we cut the grapes at the stem rather
than pulling them off the cluster in order to avoid puncturing or opening the grape skin to the air
(Vineyard owner M. Gorski, personal communication). Once cut, we put grapes into bags
labeled with the details for each cutting which included the vineyard of origin, cultivar type,
whether the grapes were from exposed or unexposed locations, and the date. We then placed all
the bags directly into a cooler until brought to the university campus lab later that day.
We collected samples twice weekly regularly and three times a week whenever a cultivar
was going through veraison so that we could document the rapid colour change (Dami et al.
2005). During veraison we clipped 3 grapes instead of 2 so that we could examine the grapes on
the clusters that exhibited the smallest colour change, the largest colour change, and the most
predominant intermediate colour present. We then brought the grapes to the lab where we took
photos for colour analyses within 24 hours in most cases and within 48 hours on a few occasions
due to time constraints and weather issues (see below).
Grape size, sugar content, and colour
We used digital photography under natural lighting to assess grape colour in conditions similar to
how a bird would see them. We used a full-spectrum DSLR camera (Canon 7D with a quartz
sensor) equipped with an El Nikkor 80 mm enlarging lens and two Bradaar light filters (one to
filter out all but visible light and one to filter out all but ultra-violet (UV) light; Stevens et al.
2007; Troscianko and Stevens 2015). This camera set-up allowed us to take both visible and UV
photographs, as birds are able to see UV light (Vorobyev et al. 1998). Initially, we attempted to
use spectrometry to capture the colour of the berries, but the grapes were too transparent and
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glossy to obtain accurate readings. In each photograph we included three calibrated Spectralon
reflectance standards (Labsphere Inc., New Hampshire) of 2%, 50%, and 75% or 99%
reflectance to correct for lighting differences on different days and for additional photo
processing (see below). We then had a single person perform all grape measurements to
minimize variation. We measured the size of the grapes in width, length, and weight, and cut the
grapes to squeeze juice onto a refractometer, a handheld instrument that utilizes light passing
through the sample to give a reading of sugar content measured as degrees Brix (Dami et al.
2005, Strik 2011).
To quantify the colour of each grape, we used the Multispectral Imaging package
(Troscianko and Stevens 2015; van den Berg et al. 2020) in ImageJ (Schneider et al. 2012) to
overlap the visible light photo with the UV light photo to create a multispectral photo and select
the grapes within each photo. While selecting the grapes in each image, we avoided blemishes on
the grape skin such as scars and stems to avoid sampling non-normal grape colours. Then, using
the calibrated reflectance standards, also in each multispectral photo, and the known spectral
sensitivities of our camera and lens, we converted the photos from a human-based visual system
to an avian UV-sensitive visual system (Stevens et al. 2007). From these converted multispectral
photos, we obtained the cone stimulation values for each avian photoreceptor (long-, medium-,
short-, and UV-wavelength and the double-cone). We used the R (R Development Core Team
2020) package pavo (Maia et al. 2019) to calculate the standard avian tetrachromatic colour
variables from the cone stimulation values (Stoddard and Prum 2008). Specifically, we
calculated brightness, a measure of total reflectance (Hill and McGraw 2006), as luminance in
pavo based on double-cone stimulation values. We calculated chroma, a measure of spectral
purity (Hill and McGraw 2006), as r.achieved in pavo. Finally, we calculated two measurements
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of hue, what people generally think of as typical ‘colour’ (Hill and McGraw 2006): hue phi
which, in tetrahedral avian colour space represents the vertical axis and UV wavelengths and will
hereafter be referred to as ‘UV hue and hue theta which in tetrahedral avian colour space
represents the horizontal axis and will hereafter be referred to as RGB (red blue green) hue
(Stoddard and Prum 2008). Values of hue theta for the grapes ranged from yellow-green values
near 1 to bluish-purple values near -3. For hue phi, larger positive values have higher UV
reflectance.

Grape removal and grape damage
One of the aims of our study was to quantify grape removal and damage by birds and other
sources over time by marking grape clusters and checking them weekly throughout the course of
the study. Using the maps for each vineyard site, we chose a number of locations to observe
based on the combination of cultivar type and surroundings, and we included every possible
combination available for each vineyard. For example, every cultivar present had one location
selected in the middle of the rows away from the edges, and as many locations along the
perimeter as there were different types of surrounding habitat. We selected clusters and marked
them with orange flagging strips for identification. Orange flags were used because the clusters
needed to be clearly visible to field workers to avoid being removed during field maintenance. In
the circumstance that there were no vines (and therefore no clusters) at the top or bottom of the
rows, clusters were chosen from whichever positions were available. We marked a total of 467
grape clusters to be monitored weekly and assigned each cluster its own unique identification
code. For each cluster, we also quantified four habitat and location variables: position of cluster
on the grape vine (top, middle, or bottom), position of cluster in the vineyard (edge or middle),
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dominant surrounding habitat (open, including grass or roads; mixed, including wires, trees, and
buildings; forest, if bordered by forest; vineyard, if surrounded by grape vines; and water, if
bordered by water), and perch availability adjacent to the grapes (yes or no). For this last
variable, perching availability was categorized as ‘yes’ if the surrounding habitat included wires,
buildings, trees, or forest, and ‘no’ if the surrounding habitat was open, water, or if the plot was
in the middle of the vineyard. After harvest, the clusters were classified as either being ‘netted’
or ‘unnetted’ based on whether nets had been applied at any point during the season.
The week before we began surveying for grape counts, we estimated the number of
individual grapes on each cluster and recorded this for later use; at this point in time the grapes
were still green, small, and hard to the touch. Every subsequent week, we revisited each cluster
and recorded the number of grapes that were removed or damaged (Conover 1982, Willwerth
and Fitzgerald 2010). Because there are multiple factors that can affect the grape clusters, we
separated the grape counts into four categories: 1. removed by bird, where grapes are taken off
the plant by birds; 2. removed by other factors, which includes grapes that fell off the plant due
to factors other than birds (e.g., mould, lack of water, dead berries); 3. damaged by bird, which
are grapes torn open as the birds eat the inner pulp; and 4. damaged by other factors, which are
any grapes with damage that is not bird-related (e.g., ants, wasps, fruit flies, mould, disease).
Removed grapes were categorized by examining the stem left behind on the cluster and damaged
grapes were categorized based on a visual assessment of the berries (Somers and Morris 2002).
Some of the observations we made in the vineyards that were considered as ‘other factors’
causing damage or removal include gray mould, powdery mildew, black rot, Botrytis bunch rot,
hornets, ants, and Japanese beetles (Popillia japonica) (Dami et al. 2005, Minnesota Grape
Growers Association 2016).
68

Near the beginning of the season, if a cluster was removed by an external factor (e.g.,
removed by vineyard workers or knocked off by tractor) or if a branch snapped off, then a nearby
cluster with the same position was chosen, counted, and flagged to replace the one that was lost.
As the season progressed, we also took note of when the grapes began to change colour and
soften, if and when the grapes were netted, the week of our last assessment, and why the counts
ended (e.g., harvested, dead, fully empty). We tallied grape counts used the estimated counts
from the beginning of the season in conjunction with the grapes removed and the grapes
damaged to calculate the percentage of each cluster that was either removed or damaged each
week. In some instances where clusters were fully emptied of grapes or completely damaged by
infestation, the initial calculated percentage was greater than 100. In these cases, it was deduced
that the initial estimates were too low and they were corrected so that the final maximum
percentage was 100%.

Statistical Analyses
All statistical analyses were conducted in JMP (v. 14.0). Because grape size, width, and length
were highly intercorrelated, we conducted a Principal Components Analysis (PCA) that
summarized these variables as a single principal component with an Eigenvalue greater than 1 to
depict grape size (PC1). The three variables all loaded strongly and positively on PC1, indicating
that PC1 serves as a good proxy for overall grape size (factor loadings were 0.57 for length, 0.58
for width, and 0.58 for weight).
To determine whether the grape variables we collected could predict the sugar content
(Brix) of grapes during veraison, we used multiple regression models for each cultivar with Brix
as the dependent variable, and grape exposure, size PC1, RGB hue, UV hue, chroma, and
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luminance as predictor variables. We only compared colour variables with size and sugar content
on a subset of our dataset for grapes undergoing veraison. To match grapes in both datasets, we
used the size of the grapes we measured and compared it to the size of grapes in the photographs.
To determine which factors influence grape removal or damage by birds and other
causes, we used generalized linear mixed models with binomial distribution and logit function,
with cluster ID as a random effect and grape cultivar, cluster height (low, mid, or high), veraison
period (pre-veraison, during veraison, post veraison) netting status (netted cluster or unnetted
cluster), week of data collection, surrounding habitat (open, forest, water, vineyard, or mixed),
adjacent perching availability (yes or no), and position in vineyard (middle or edge) as predictor
variables.

Results
Change in grape characteristics over the season
The brightness of the red and pink cultivars all followed a similar seasonal pattern, being brighter
earlier in the season, rapidly decreasing over a couple weeks, and plateauing at a much darker
level once they had reddened during veraison (Figure 3.1). The green cultivars remained
relatively constant in brightness over the season (Figure 3.1). Most of the red and pink cultivars
appeared to start at a high chroma, decreased gradually, and then began to increase slightly again
before plateauing at a mid value (Figure 3.2). The green cultivars showed a less drastic change in
chroma; they all experienced a slight dip in the first month but then increased again to their
original levels or slightly higher and remained fairly consistent until the end (Figure 3.2). Most
of the red and pink cultivars demonstrated an “S curve” change in UV hue, with a very distinct
shift from low to high UV hue partway through the season (Figure 3.3). The green cultivars
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experienced a consistent and gradual decrease in UV hue throughout the season (Figure 3.3).
Finally, most of the red and pink cultivars began with high values of RGB hue and then quickly
shifted to drastically to lower values where they plateaued (Figure 3.4). The green grape cultivars
experienced a gradual change in RGB hue over the season, where five of the six cultivars
exhibited a slow decrease, and Chardonnay showed a slow increase (Figure 3.4).
Grape size increased gradually over the season (Figure 3.5). Some varieties (Syrah,
Cabernet Franc, and Chardonnay Musqué) grew slightly faster at the beginning of the season
before slowing down after about one month (Figure 3.5). In general, grape sizes were relatively
similar across cultivars, but Syrah grapes became slightly larger than the others, whereas
Cabernet Franc berries became slightly smaller than other varieties (Figure 3.5).
The sugar content of the grapes, as measured by Brix, began at low levels and increased
over the season (Figure 3.6). Most of the cultivars experienced a sharp increase in August and
then started to level out if left on the vines long enough (Figure 3.6). Some cultivars, however,
experienced a more gradual increase (Figure 3.6).

Predictors of grape sugar content (Brix)
To determine whether the grape variables we collected could predict the sugar content (Brix) of
grapes during veraison, we created a multiple regression model for each cultivar with Brix as the
dependent variable, and grape exposure, size PC1, RGB hue, UV hue, chroma, and luminance as
predictor variables (Table 3.1). Of eight red grape cultivars, seven of the statistical models
predicting Brix were significant (Table 3.1). RGB hue was a significant predictor in all seven
models, brightness was significant in six, position on the vine was significant in three, grape size
was significant in two, and lastly chroma and UV hue were each significant only in one red
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cultivar (Table 3.1). There were no significant predictors of Brix in our single pink cultivar
(Gewürztraminer; Table 3.1). Of the six green grape cultivars, four of the statistical models
predicting Brix were significant (Table 3.1). RGB hue was significant in all four models, chroma
was significant in three, and position, grape size and luminance were each significant in one
(Table 3.1). UV hue was not significant for any of the green cultivars (Table 3.1).

Grape removal and damage over time
In general, grape removal and damage were low early in the growing season and increased in the
second half of the season, although this varied across cultivars and netting status (Figures 3.7,
3.8). In all but one grape cultivar (Sauvignon Blanc), the loss of grapes from clusters is most
attributed to removal by birds (Figure 3.7). For example, in the last week of available data, the
proportion of grapes removed by birds was much higher than the proportion of grapes removed
by other causes (Kruskal-Wallis test, Z= -4.79, N = 417, P <0.0001). In addition, grapes that
were protected by netting appeared to experience far less removal by birds than unprotected
grapes of the same cultivars (Figure 3.7). In all but one grape cultivar (Auxerrois), the damage
caused to grape clusters was most attributed to factors other than birds (Figure 3.8). For example,
in the last week of available data, the proportion of grapes damaged by other causes was much
higher than the proportion of grapes damaged by birds (Kruskal-Wallis test, Z= 17.6, N = 417, P
<0.0001). Netting seems to have a much smaller protective effect in terms of damage when
compared to grape removal (Figures 3.7, 3.8).
Variation in grape removal and damage for pink, red, and green cultivars illustrates that
while a large number of clusters experienced little or no removal and damage, many clusters
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show a slow increase in both removal and damage, and there were some clusters that either lost
all berries or were completely damaged (Figure 3.9).

Predictors of grape removal and damage
To determine which factors influenced grape removal or damage by birds and other causes, we
used generalized linear mixed models with cluster ID as a random effect and grape cultivar,
cluster height, veraison period, netting status, week of data collection, surrounding habitat,
adjacent perching availability, and position in the vineyard as predictor variables (see Methods).
We found that removal by birds was significantly predicted by cultivar, cluster height, veraison
period, netting status, week, and adjacent perching availability (Table 3.2). In contrast, only
cultivar and week significantly predicted removal from other causes (Table 3.2). Likewise, grape
damage by birds was significantly predicted by cultivar, cluster height, veraison period, and
week, while grape damage by other factors was significantly predicted by cultivar, cluster height,
veraison periods, netting status, and week (Table 3.2). Additionally, we used a generalized linear
mixed model with grape cultivar colour and netting status as predictor variables to find that both
variables are significant factors in predicting grape removal by birds, but the models for removal
by other factors and the damage models were not statistically significant (Table 3.3).

Discussion
Our goal of this study was to quantify changes in the properties of grapes grown in southern
Ontario vineyards throughout the growing season and to document how these changes, along
with vineyard characteristics, relate to removal and damage by birds and other factors. We found
that red, green, and pink grape cultivars exhibited similar changes in size and sugar content, but
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that red grapes underwent a much more dramatic colour change. Correspondingly, red grape
cultivars were much more likely to be eaten by birds than green or pink cultivars. We also found
that the most common predictors of Brix for red cultivars were RGB hue and luminance, and for
green cultivars were RGB hue and chroma. Finally, we found that birds were the primary cause
of grape removal in vineyards, and that factors other than birds were the primary cause of grape
damage. Grape damage and removal were also related to a number of characteristics including
netting status, position within the vineyard, and availability of perching areas nearby. Based on
our findings, vineyards could be structured to minimize avian impact on grape removal and
damage and focus deterrent methods on the most vulnerable grapes.
We found that increases in grape size began early in the growing season and continued
steadily over time, with some cultivars eventually plateauing in size later in the season. These
observations are consistent with literature describing the beginning of size increase just prior to
the start of veraison (Dami et al. 2005). When we measured grape sugar content (Brix) over the
season we found that, as we expected, there was an overall increase in sugar levels beginning
around the start of veraison. During this time, some grape cultivars experienced a sharp increase
in Brix while others maintained a steady positive incline. It has been previously reported that
birds will start eating grapes when they reach approximately 13° Brix (Tobin 1984, Watkins
1999, Tracey et al. 2007), so the cultivars that increase in Brix more quickly will likely face bird
predation earlier than those whose sugars increase at a slower pace. If vineyard owners can
isolate when individual cultivars will be most likely to become attractive to birds they can have
protective measures in place to dissuade birds at optimal time periods.
In comparison with size and sugar content, changes in grape colour were more
pronounced, especially for the red cultivars. In particular, the red grape cultivars and the pink
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cultivar had more dramatic changes in all four colour aspects than green cultivars. The red
cultivars became darker, less chromatic, with greater UV hue, and more red/blue hue. We can
directly attribute these changes to the veraison process based on the time of the season during
which they occurred. Overall, these changes likely make the redder grapes undergoing veraison
more visible and detectable against the vegetation background by birds, as has been shown with
other berries (Schmidt et al. 2004, Schaefer et al. 2008, Flörchinger et al. 2010). Our
understanding of how grape cultivars contrast against the visual background, and how this may
influence predation levels by birds, would benefit from further investigation. The increases in
UV hue exhibited by the red varieties are also interesting because although humans cannot
perceive light in the UV spectrum, many bird species can, including the main grape predators in
our study (Goldsmith 2006). Since green vegetation does not exhibit strong UV reflectance
(Doucet et al. 2007), this change in UV reflectance would also make the red grapes more
conspicuous against a green vegetation background and may also potentially serve as a signal of
grape maturity.
The ultimate goal of foraging animals is to collect the most nutrients possible while
expending the least amount of effort. To accomplish this with the greatest efficiency, birds may
search for signals indicating the readiness or nutritional quality of food (Schaefer et al. 2008). In
the case of birds eating grapes in vineyards, the source of nutrition they seek is the internal pulp.
Therefore, we sought to determine whether certain grape characteristics are associated with the
sugar content and could therefore be used as predictors of Brix by the birds. While the grape
cultivars varied slightly in which predictors were significant, colour was the best predictor of
Brix levels, specifically RGB hue and brightness for red cultivars and RGB hue and chroma for
green cultivars. Previous research has shown that birds seek food with high caloric intake
75

(McPherson 1988) and they use fruit colour as a signal to optimize their lipid intake (Schaefer et
al. 2014) in addition to using colour as an indicator of anthocyanins (Schaefer et al. 2008). Our
findings therefore support the idea that birds could use colour as a means of determining when
grapes are mature enough to consume. Further observational and experimental research is needed
to determine whether birds do actually use these visual cues to make foraging decisions in
vineyards.
We found that birds were the primary cause of grape removal from clusters in the
vineyards and that other factors aside from birds were the leading causes of damage to grapes
(Figures 3.7 & 3.8). Removed grapes accumulated over time while steeper removals occurred
during certain weeks where higher-than-usual bird activity was experienced. Similarly, there was
a gradual accumulation of damaged grapes over the season, but with less dramatic increases and
less damage than removal overall on average. Affirming birds as the primary source of grape loss
is consistent with what we anticipated based on their foraging behaviours and previous literature
highlighting the impact of birds on vineyards (Stevenson and Virgo 1971). Our discovery that
factors other than birds were more responsible for the damage of grapes (Figure 3.8) is not
surprising considering the number of potential causes of damage like disease, mould, insects,
yeast and the ability of infections to spread through clusters (Tracey and Sauders 2003, Strik
2011, Triplett et al. 2012). Additionally, damage can be influenced by weather as rainfall can
cause ripening fruits to split open, exposing them to additional fruit rot (Strik 2011). One of the
key problems with damaged grapes is that, unlike removed grapes, damage is a contributing
factor in the spread of disease (Dami et al. 2005), which exacerbates the problem if not
controlled. Considering the types of non-bird related factors that can cause grape damage, while
netting may deter some large insects, it is unlikely to prevent the spread of disease or moulds.
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Therefore, controlling the spread of disease in a vineyard is most efficiently accomplished with
close monitoring and proper treatment of any affected areas with fungicides (Dami et al. 2005).
Future research to help identify at-risk areas or conditions favouring damage will be beneficial in
minimizing the spread that can occur before treatments are applied.
We found that grape removal by birds was significantly predicted by a number of
variables including cultivar, cluster height, veraison period, netting status, week, and availability
of adjacent perching. When we look more closely at these predictors, we can evaluate the role
they play in forecasting the level of grape removal caused by bird predation. We’ve already
established that the red and green cultivars experience very different degrees of colour change,
and our analyses revealed that grape variety colour was a significant predictor of removal by
birds. Our findings suggest that colour could be a signal used by birds while foraging and that
they could be attracted to the grapes with a deeper colour change. Similarly, Dehaven (1974)
found that darker varieties experienced more pecked and missing grapes than lighter cultivars
(DeHaven 1974). However, since more colourful grapes also had higher sugar content, these two
factors are difficult to tease apart, although our statistical analyses offer partial control for these
confounding variables. Controlled experiments would be required to truly identify colour as a
primary driver of bird predation.
Veraison was another significant predictor of grape removal by birds in vineyards.
Veraison is the period of time when grapes increase in sugars and change colour. Our conclusion
that colour change and veraison precede high levels of avian foraging in vineyards is widely
accepted in the literature (Tracey et al. 2007, Kadir et al. 2004, Tracey and Saunders 2003).

77

Another significant predictor of grape removal by birds was the netting status of grape
clusters. We categorized netting status based on whether nets covered the clusters at any point
during the season; some areas were covered following veraison while others were not netted until
later in the season. However, since netting is one of the most effective protection methods
(Tracey and Saunders 2003, Berge et al. 2005, Triplett et al. 2012), any application of nets
should be beneficial in reducing grape loss caused by birds. Netting reduces the accessibility of
grapes, and while birds have been known to occasionally find ways past the nets through rips or
holes (Fraser et al. 1998), our results support the idea that netting still reduces grape losses
overall.
The height of clusters in vineyards was also a significant predictor of grape removal by
birds, with higher clusters suffering more removal by birds. Grapes higher up on a vine will be
more exposed than those in the center or hanging from the bottom, and more visible from a
distance. Although there are some bird species like American robins that forage from the ground
and target lower grapes (Somers and Morris 2002, Herrmann and Anderson 2007), clusters high
up on the vine take less time to locate, which allows birds to easily pluck a grape and retreat to
safety to consume the berry, a common foraging method documented by previous research
(DeHaven 1974, Somers and Morris 2002).
The week of the growing season significantly predicted grape removal by across all
categories of both removal and damage. This was not surprising since grapes became larger,
sweeter, and more colourful as the season progressed. Also, birds are more likely to travel in
flocks as winter nears, so vineyards are then subjected to grape losses by larger flocks (Tobin
1991).
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The presence of available perching adjacent to vineyards also significantly impacted the
removal of nearby grapes in our study. Having nearby perching sites may allow birds to forage
efficiently and have a place to return to in the case of danger (Triplett et al. 2012). This
conclusion is supported by a 2003 Australian study in vineyards which found that perching was
the most common behaviour exhibited during observation periods (Tracey and Saunders 2003).
Having perching opportunity on the edge of a vineyard invites the birds to roost and feed there.
There are a number of structures that can be used as perching sites for birds in vineyards
including native vegetation, natural habitats, tree lines planted to reduce wind along field edges,
hedgerows, electrical powerlines, and empty vineyard trellises, and it is likely that grapes grown
near such perching areas will be at higher risk of predation by birds (Tracey et al. 2007, Somers
and Morris 2002, Tracey and Saunders 2003).
Grape removal by other factors was much less common than removal by birds, and only
cultivar and week were significant predictors of this variable in our analyses. This type of grape
removal predominantly occurred after grapes damaged by other factors were left for several
weeks and then eventually fell off the clusters. Cultivars have different levels of susceptibility to
damage and thus some cultivar types exhibit more resistance to diseases leading to losses than
other types (Dami et al. 2005, Strik 2011), which could explain some of the variation we
observed. The influence of week of the growing season was likewise unsurprising. First, the
accumulation of losses over time will build and result in more grape removal later in the season.
Second, damaged berries take time before they fall off the clusters and are considered ‘removed’.
As a result, more berries would be removed by other factors later in the season as time
progresses. Third, as grapes mature they can experience a phenomenon called ‘shattering’, where
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rainfall on mature berries can cause grapes to fall from the clusters (Strik 2011). This event
would be very uncommon early in the season when grapes are smaller.
We found that grape damage caused by birds was significantly predicted by cultivar,
cluster height, veraison period, and week. There was some overlap between the variables
predicting grape damaged by birds and grape removal by birds. Birds are initially attracted to the
vineyards for the purpose of eating the berries (removal), but in the process they can leave
partially pecked berries on the vine or can harm nearby grapes with their talons (Tobin 1984,
Tripplet et al. 2012). Additionally, there is variation in foraging strategies between avian species,
where some species pluck a grape from the vine and retreat to eat it (Somers and Morris 2002),
whereas others like house finches peck holes in grapes to access the pulp on the inside without
consuming the entire berry (DeHaven 1974, Tobin 1984). The latter type of foraging would be
considered damage caused by birds because the grapes are not removed from the vine. Because
there is overlap between birds that remove grapes and birds that damage grapes, we can infer that
both types of foragers are influenced by similar variables. Interestingly, netting status did not
significantly predict grape damage by birds. One possible explanation is that during foraging
attempts, birds cling onto the net with their talons while looking for a way through, which may
damage the grapes without any grape consumption actually occurring (Triplett et al. 2012).
Alternatively, perhaps birds with different foraging techniques are differentially impacted by the
presence of netting and therefore nets are more effective against certain types of foragers and
less against others. It is possible, for example, that nets with larger holes could allow birds
focusing on pecking berries rather than eating them whole to access the berries through the
netting , whereas netting with small holes would ward against this. Finally, the literature
frequently acknowledges that grapes damaged by birds lead to infection and spread of disease
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(DeHaven 1974, Tracey and Saunders 2003, Triplett et al. 2012), but quantifying damage solely
caused by birds is less common. More research is required to understand the impact of bird
damage on grape crops.
Grape damage not caused by birds was more common than bird-related damage in
vineyards. This type of damage was significantly predicted by cultivar, cluster height, veraison
period, netting status, and week. There are substantial differences in characteristics between
grape cultivars, including their susceptibility to disease and infection, which may explain the
significance of cultivar type in predicting grape damage sustained by other factors (Dami et al.
2005). When the skin on grapes is punctured by foraging birds, insects or hail, or when they are
cracked as a result of excessive rainfall, grapes become susceptible to disease. In addition, as
growth occurs over the seasons, the clusters fill and the grapes are packed together in very close
contact, allowing infection and diseases to spread quickly. Cultivars that are more at risk will be
more easily infected and will have a higher chance of spreading the infection and damage to
others if not properly controlled (Dami et al. 2005, Tripplet et al. 2012). An additional note on
cultivar type influencing levels of damage by other factors is that, like birds, insects can have
cultivars they prefer to feed on. For example, the Japanese beetle Popillia japonica, which is
invasive in North America, is attracted to grape cultivars with smooth leaves, so they are more
problematic for French hybrids like Merlot and Chardonnay (Dami et al. 2005).
Cluster height was another significant predictor of damage to grapes by non-bird related
factors. This finding was unexpected and there is limited information in published literature that
can account for it. One possibility is that exposed grape clusters are more vulnerable to damage
by rainfall. It has also been suggested that Japanese beetles cause worse damage on sun-exposed
leaves (Minnesota Grape Growers Association), and while their target is foliage, there is a
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potential that other insect pests exhibit similar preferences that could account for the height
difference in damage, but more research is required to understand this connection.
Veraison was also a significant predictor of damage caused by non-bird related factors, as
expected. After veraison occurs, the grapes’ sugar levels begin to rise which attracts insects and
pests to the fruits (Dami et al. 2005, Strik 2011, Dyck 2017). Wasps and ants were commonly
observed during grape counts and were frequently the cause of damage to grapes that was nonbird related. These insect pests are frequent vineyard nuisances and their presence has been noted
in previous literature (Dami et al. 2005, Strik 2011, Dyck 2017), in addition to other potential
insect pests that seek grapes as a source of nutrients including honeybees, Asian lady beetles
(Harmonia axyridis), and fruit flies (Drosophila) (Minnesota Grape Growers Association). In
addition to being more attractive to insects after veraison, grapes become softer and their skin
becomes thinner, both of which may contribute to the ease with which infection and rot can
spread throughout the clusters.
We found that the presence of netting reduced the incidence of grape damage from nonbird related factors. A possible explanation is that vineyards are more likely to apply nets to
certain grape varieties which are more susceptible to birds and perhaps other forms of damage.
Netting is considered the most effective protection method, but it is also among the most
expensive (Kadir et al. 2004), and netting entire fields can be very costly. A technique employed
by a few vineyards was to net the more valuable crops and then once these were harvested, to
move the nets to other cultivars still on the vine for protection later in the season. This strategy
could reduce the amount of netting required while still providing protection during key periods.
However, the curious relationship between netting and reduced damage by other factors requires
further research to be properly understood.
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Week of the growing season was also a significant predictor of damage to grapes by
factors other than birds. As the season progresses and grapes mature, grapes become more
attractive to an assortment of foraging animals, all of which have the capability of damaging
berries through rips or tears and leaving them vulnerable to infection, thus furthering damage by
other factors (Tracey et al. 2007, Strik 2011, Dyck 2017). As mentioned previously, the
accumulation of damage over time can lead to the rapid spread of disease if left untreated.
Our study revealed extensive variation across vineyards and cultivars in terms of grape
removal and damage. The majority of grapes experienced what we would consider ‘normal’
levels of bird predation, between 4% and 50%, which is similar to previous studies which found
that unprotected fields experienced up to 45% crop loss (Tracey and Saunders 2003). However,
we also documented instances with very high levels of predation. We found that 14% of cluster
locations experienced more than 75% grape removal, and 3.6% of locations experienced 100%
removal of grapes. Our findings are similar to a previous research study of Ontario grapes
documenting cases of vineyards experiencing between 14% and 45% damage (Stevenson and
Virgo 1971), while another study on grapes, blueberries, cherries, and apples documented levels
as high as 95% (Anderson et al. 2013). Such high variation may be explained in part by the fact
that neither the position in the vineyard nor the surrounding habitat was a significant predictor of
removal by birds, while the availability of nearby perching locations was. Previous research had
reported that birds are more attracted to areas in fields that are bordered by certain types of
habitats (Fraser et al. 1998, Somers and Morris 2002, Triplett et al. 2012).
Our study addressed multiple aspects of grape development (including size, colour, and
sugar levels) in addition to documenting the effect of birds on hundreds of grape clusters
throughout the vineyards in a variety of positions and locations. Our study is unique with respect
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to the number of cultivars included and the documentation of losses and damage to clusters in the
same locations on a regular basis throughout the entirety of the growing season. We were also
able to provide an accurate depiction of how the colour of grapes changes over the season,
unbiased by the human visual system. There are, however, adjustments that should be considered
in future studies of this kind. For example, research on the colour of different grape cultivars
relative to the colour of the background vegetation would provide a more accurate assessment of
grape visibility, and experimental studies testing bird preferences based on grape colour are
necessary to determine whether birds use grape colour as a cue to nutritional content and
therefore foraging preference. Future research should also consider investigating how grapes
damaged by birds further the spread of infection and disease. It is commonly thought that grapes
pecked or torn open by birds leaves them vulnerable to disease (DeHaven 1974, Tracey and
Saunders 2003, Triplett et al. 2012), but the amount of damage whose spread is facilitated by
bird damage is unknown. Understanding this aspect of bird damage would help vineyard
managers to locate and manage areas where the spread of disease is likely to result from bird
presence.
Our findings suggest a number of practical applications that may be beneficial to
vineyard owners. For example, based on our results we can surmise that areas bordered by areas
that offer perching opportunity will attract more birds and sustain more grape loss and can result
in localized damage that will lead to these extreme cases of very high grape loss. There is also a
chance that in any given vineyard there will be areas where multiple predictors overlap, thus
producing ‘hot spots’ of bird predation on grapes. Where possible, vineyard owners should plant
less vulnerable cultivars along the border of vineyards, thus saving more vulnerable cultivars for
safer locations. In addition, netting should be reserved the more vulnerable cultivars to maximize
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protection. There could also be unforeseen factors not addressed in our study such as shelter
from predators and avoidance of human movement (Somers and Morris 2002). Therefore, the
most effective method of predicting hot spots of bird predation in a specific vineyard would be to
combine the predictors we have found in conjunction with surveying areas of high bird activity
to learn which locations in a vineyard would benefit most from protective measures.
Understanding the development of grapes and the foraging patterns of birds allows us a
glimpse into the co-evolutionary relationship that exists between plants and animals. For
vineyards and orchards cultivating large quantities of fruit crops, this co-evolutionary
relationship creates conflict between birds and humans. However, understanding the foraging
behaviour of birds and identifying potential areas and periods of high vulnerability may allow
vineyard owners to utilize efficient and non-invasive protection measures that reduce conflict
between birds and humans without compromising valuable crops.
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Figures and Tables

Figure 3.1: Change in Brightness of grapes as measured by luminance over the growing season
for 15 cultivars located in Essex County vineyards (see Methods). The colour of datapoints on
the graphs corresponds with the colour category of each cultivar (red, pink, or green).
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Figure 3.2: Change in Chroma of grapes measured by r.achieved over the growing season for
15 cultivars located in Essex County vineyards. The colour of datapoints on the graphs
corresponds with the colour category each cultivar (red, pink, or green).
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Figure 3.3: Change in UV hue of grapes over the growing season for 15 cultivars located in
Essex County vineyards. The colour of datapoints on the graphs corresponds with the colour
category each cultivar (red, pink, or green).
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Figure 3.4: Change in RGB hue of grapes over the growing season for 15 cultivars located in
Essex County vineyards. The colour of datapoints on the graphs corresponds with the colour
category each cultivar (red, pink, or green).
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Figure 3.5: Change in the Size of grapes as summarized by a Principal Components Analysis
of length, width, and weight for 15 cultivars located in Essex County vineyards. The colour
of datapoints on the graphs corresponds with the colour category each (red, pink, or green).
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Figure 3.6: Change in the sugar content of grapes as measured on the Brix scale (see
Methods) for 15 cultivars located in Essex County vineyards. The colour of datapoints on
the graphs corresponds with the colour of each cultivar (red, pink, or green).
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Figure 3.7: Weekly mean percentage of grapes removed from clusters across 13 cultivars in Essex
County vineyards until harvest. Blue lines represent grapes affected by birds and orange lines
represent grapes affected by other factors (e.g., disease and insects). Solid lines show non-netted
grapes and dashed lines represent clusters enclosed in netting. Y axes vary between 10, 25, 50, or
75% depending on the level of removal or damage experienced by a cultivar.
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Figure 3.8: Weekly mean percentage of grapes damaged from clusters across 13 cultivars in Essex
County vineyards until harvest. Blue lines represent grapes affected by birds and orange lines
represent grapes affected by other factors (e.g., disease and insects). Solid lines show non-netted
grapes and dashed lines represent clusters enclosed in netting. Y axes vary between 10, 25, 50, or
75% depending on the level of removal or damage experienced by a cultivar.
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Figure 3.9: Removal and damage of grape clusters across pink, red, and green grape
cultivars in Essex County vineyards. These graphs illustrate the overall variation in
removed grapes and damaged grapes as shown by weekly cluster counts from start until
grape harvest.
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Table 3.1: Determining potential predictors of sugar content measured on the Brix scale (see
methods) for 15 grape cultivars grown in Essex County vineyards (see Methods for explanation
of variables).
Cultivar
Pinot Gris

Cultivar colour
Red
Whole Model
Exposure
Grape Size
RGB hue
UV hue
Chroma
Luminance

R2
0.72

F Ratio
40.21
1.48
9.9
23.92
31.83
0.36
20.86

DF
6. 92
1, 98
1, 98
1, 98
1, 98
1, 98
1, 98

P-value > F
<0.0001
0.23
0.002
<0.0001
<0.0001
0.55
<0.0001

Syrah

Red

Whole Model
Exposure
Grape Size
RGB hue
UV hue
Chroma
Luminance

0.72

32.93
2.28
0.09
5.86
2.42
9.42
25.7

6, 76
1, 82
1, 82
1, 82
1, 82
1, 82
1, 82

<0.0001
0.13
0.76
0.02
0.12
0.003
<0.0001

Cabernet Franc

Red

Whole Model
Exposure
Grape Size
RGB hue
UV hue
Chroma
Luminance

0.85

69.72
5.91
11.65
23.22
3.26
0.0007
23.13

6, 72
1, 78
1, 78
1, 78
1, 78
1, 78
1, 78

<0.0001
0.02
0.001
<0.0001
0.07
0.98
<0.0001

Baco Noir

Red

Whole Model
Exposure
Grape Size
RGB hue
UV hue
Chroma
Luminance

0.89

22.29
10.21
0.54
4.053
0.07
0.12
1.47

6, 17
1, 23
1, 23
1, 23
1, 23
1, 23
1, 23

<0.0001
0.005
0.47
0.06
0.80
0.73
0.24

Cabernet Sauvignon

Red

Whole Model
Exposure
Grape Size
RGB hue
UV hue
Chroma
Luminance

0.86

86.59
3.5
0.81
54.79
2.031
1.01
25.92

6, 86
1, 92
1, 92
1, 92
1, 92
1, 92
1, 92

<0.0001
0.06
0.37
<0.0001
0.16
0.32
<0.0001
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Merlot

Red

Whole Model
Exposure
Grape Size
RGB hue
UV hue
Chroma
Luminance

0.83

56.86
0.14
3.37
35.63
0.24
0.41
7.65

6, 69
1, 75
1, 75
1, 75
1, 75
1, 75
1, 75

0.83
0.71
0.07
<0.0001
0.62
0.52
0.007

Marquette

Red

Whole Model
Exposure
Grape Size
RGB hue
Luminance

0.76

19.72
0.12
0.001
8.13
2.79

4, 25
1, 29
1, 29
1, 29
1, 29

<0.0001
0.74
0.97
0.009
0.11

Pinot Noir

Red

Whole Model
Exposure
Grape Size
RGB hue
UV hue
Chroma
Luminance

0.68

30.72
4.4
0.00
9.14
1.8
1.66
9.46

6, 86
1, 92
1, 92
1, 92
1, 92
1, 92
1, 92

<0.0001
0.04
0.99
0.003
0.18
0.20
0.003

Gewürztaminer

Pink

Whole Model
Exposure
Grape Size
RGB hue
UV hue
Chroma
Luminance

0.79

24.21
1.08
0.20
28.91
6.86
0.6
0.5

6, 38
1, 44
1, 44
1, 44
1, 44
1, 44
1, 44

0.79
0.30
0.65
<0.0001
0.01
0.44
0.48

Chardonnay Musqué

Green

Whole Model
Exposure
Grape Size
RGB hue
UV hue
Chroma
Luminance

0.56

6.49
11.21
4.43
19.50
0.13
8.97
0.27

6, 30
1, 36
1, 36
1, 36
1, 36
1, 36
1, 36

0.0002
0.002
0.04
0.0001
0.72
0.005
0.61

Chardonnay

Green

Whole Model
Exposure
Grape Size
RGB hue
UV hue
Chroma
Luminance

0.49

4.86
5.53
0.39
5.89
0.02
2.16
7.92

6, 30
1, 36
1, 36
1, 36
1, 36
1, 36
1, 36

0.49
0.02
0.54
0.02
0.90
0.15
0.008
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Sauvignon Blanc

Green

Whole Model
Exposure
Grape Size
RGB hue
UV hue
Chroma
Luminance

0.44

2.99
0.17
0.18
6.31
1.42
0.85
0.09

6, 23
1, 29
1, 29
1, 29
1, 29
1, 29
1, 29

0.03
0.68
0.67
0.02
0.24
0.36
0.77

Auxerrois

Green

Whole Model
Exposure
Grape Size
RGB hue
UV hue
Chroma
Luminance

0.40

3.56
0.06
0.001
6.79
0.63
7.79
0.04

6, 31
1, 37
1, 37
1, 37
1, 37
1, 37
1, 37

0.008
0.80
0.97
0.01
0.43
0.009
0.84

Riesling

Green

Whole Model
Exposure
Grape Size
RGB hue
UV hue
Chroma
Luminance

0.20

0.54
0.16
0.02
1.32
0.41
1.24
0.65

6, 13
1, 19
1, 19
1, 19
1, 19
1, 19
1, 19

0.77
0.69
0.90
0.27
0.53
0.29
0.43

Vidal

Green

Whole Model
Exposure
Grape Size
RGB hue
UV hue
Chroma
Luminance

0.42

3.45
0.026
0.009
8.35
0.04
3.04
11.26

6, 29
1, 35
1, 35
1, 35
1, 35
1, 35
1, 35

0.01
0.87
0.92
0.007
0.84
0.09
0.002
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Table 3.2: Determining potential predictors of grape removal and damage for 13 grape cultivars
grown in Essex County vineyards (see Methods for explanation of variables). Grape removal and
grape damage are separated into categories based on whether the damage/removal was caused by
birds or other factors.
Grape Removal by Birds

Grape Removal by Other Factors

Grapes Damaged by Birds

Grapes Damaged by Other
Factors

Whole Model
Cultivar
Cluster Height
Veraison Periods
Netting Status
Week
Surrounding Habitat
Adjacent Perching
Position in
Vineyard

R2
0.65

Whole Model
Cultivar
Cluster Height
Veraison Periods
Netting Status
Week
Surrounding Habitat
Adjacent Perching
Position in
Vineyard

0.76

Whole Model
Cultivar
Cluster Height
Veraison Periods
Netting Status
Week
Surrounding Habitat
Adjacent Perching
Position in
Vineyard

0.81

Whole Model

0.73

Cultivar
Cluster Height
Veraison Periods
Netting Status
Week
Surrounding Habitat
Adjacent Perching
Position in
Vineyard
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F Ratio

DF

P-value > F

9.73
6.53
110.54
9.05
1552.98
1.66
4.54
1.8

12, 395.5
2, 507.6
2, 4070
1, 412.1
1, 4082
4, 349.7
1, 364.9
1, 392.4

<0.0001
0.002
<0.0001
0.003
<0.0001
0.16
0.03
0.18

4.09
2.06
1.96
0.43
1563.007
1.49
1.8
1.01

12, 403
2, 812.7
2, 4007
1, 582
1, 4026
4, 432.5
1, 465.2
1, 472.2

<0.0001
0.13
0.14
0.51
<0.0001
0.2
0.18
0.32

4.44
5.91
678.43
1.62
757.53
1.23
0.73
3.71

12, 597.8
2, 1169
2, 4140
1, 504.9
1, 4152
4, 405
1, 319.6
1, 612

<0.0001
0.003
<0.0001
0.20
<0.0001
0.29
0.39
0.05

11.64
4.88
102.87
4.39
2695.98
1.35
0.04
3.12

12, 360.6
2, 481.3
2, 3942
31, 409.7
1, 4013
4, 419.5
1, 487.7
1, 378.4

<0.0001
0.008
<0.0001
0.04
<0.0001
0.25
0.84
0.08

Table 3.3: Evaluating the effect of cultivar colour and netting status on grape removal and
damage by birds and other factors for 13 grape cultivars grown in Essex County vineyards.
Grape types were categorized into red, pink, or green cultivars.
Grape Removal by Birds

Grape Removal by Other
Factors

Whole Model
Cultivar
Colour
Netting
Status

-LogLikelihood
8.6

Whole Model

0.05

Cultivar
Colour
Netting
Status
Grape Damage by Birds

Grape Damage by Other
Factors

Whole Model
Cultivar
Colour
Netting
Status

0.06

Whole Model

0.92

Cultivar
Colour
Netting
Status
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DF
3, 417
2, 417

LogLikelihood 2
17.2
10.92

P-value > 2
0.0006
0.004

1, 417

11.23

0.0008

3, 417

0.11

0.99

2, 417

0.03

0.98

1, 417

0.11

0.74

3, 417
2, 417

0.12
0.11

0.99
0.94

1, 417

0.01

0.90

3, 417

1.83

0.61

2, 417

1.26

0.53

1, 417

1.14

0.28

Chapter 4: General Discussion
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My research sought to test the reliability of avian deterrents in vineyards and observe the
response of birds to deterrent activations. My study then looked into the changes experienced by
grapes as they mature and how these changes can affect the behaviours of birds in vineyards. In
Chapter 2 I experimentally tested four types of avian deterrents and determined that propane
cannons and speakers broadcasting predatory calls elicited significant effects from the birds
(driving them out of the field). I compared the effectiveness of the deterrents to one another and
concluded that of those present in the experiments, cannons were the most effective method of
reducing birds in the vineyard area. In Chapter 3 I recorded the physical changes maturing grapes
go through in terms of size, colour, and sugar content. I then documented accumulating loss and
damage of grapes from different cultivars and showed that for red cultivars, grape removal was
primarily a result of birds in the vineyards, whereas grape damage was mostly attributed to nonbird related factors. For this final chapter of my thesis I will summarize the general results and
implications of Chapters 2 and 3 and draw connections between them. Lastly I will talk about the
importance of my research in structuring an effective vineyard management plan to protect grape
crops from bird predation based on the findings of my study and previous knowledge from the
literature.
In Chapter 2 I observed bird activity in experimental vineyard plots and recorded the
birds’ responses to avian deterrents across five trial treatments: propane cannons, speakers, hawk
kites, drones, and controls. I recorded the directional movements of birds going out of, into, or
through the vineyard area during pre-trial observations and in response to the experimental
deterrents. My findings showed that, of the deterrents in this experiment, the cannons were most
effective, followed by the speakers broadcasting predatory calls. The hawk kite and drone were
not significantly effective at repelling birds. My results highlight the importance of using
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integrative approaches to avian deterrents in order to maximize the effectiveness of management
techniques.
In Chapter 3 I delved into the relationship between fruit plants and birds in vineyards. I
documented the changes grapes experienced as they matured through the season and I performed
weekly grape counts on hundreds of clusters to record how they were affected by both birds and
other factors. I showed how different grape cultivars varied in their development of size and
sugar content, as well as their colour in terms of changes in brightness, chroma, RGB (red blue
green) hue, and UV (ultraviolet) hue. I also examined variables influencing sugar content
(measured in degrees Brix) and in red grape cultivars Brix was predicted primarily by RGB hue
and luminance and that in green cultivars Brix was predicted by RGB hue and chroma. These
findings suggest that as during the process of veraison, grapes become more colourful and visible
to birds, and also signal their nutritional content. I also found that grape removal was primarily
the result of bird predation, and grape damage was the result of non-bird related factors, such as
mould, mildew, hornets, ants, and other insects. Additionally, my data revealed that removal by
birds was predicted by cultivar, cluster height, veraison period, adjacent perching opportunity,
and week of season, whereas grape damage by other factors could be predicted by cultivar,
cluster height, veraison period, netting status and week. My results highlight the importance of
understanding multiple attributes of grape development and bird activity in vineyards in order to
protect the areas and cultivars most at risk of grape loss and damage.
The effect of veraison in the vineyards was a topic I discussed at length in Chapter 3. I
talked about the increase of size and sugar content that began to occur around veraison in
addition to the change of colour noted in some of the cultivars. In addition, I identified veraison
as one of the variables that could predict Brix in maturing grapes, which is consistent with the
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common understanding that when veraison begins grapes start to increase in sugar (Dami et al.
2005). Veraison was also a variable I found could significantly predict the grape loss and grape
damage resulting from birds, thus leading me to conclude that more birds are foraging in
vineyards after veraison has occurred. In Chapter 2 I did not find that the level of birds present in
the vineyard changed over the season, but perhaps this was because I looked at the activity in
terms of the full season and only categorized veraison as either present or absent. Based on the
change that occurred after veraison in Chapter 3, perhaps if I had investigated the effect of
veraison differently in Chapter 2 I could have detected a spike in bird activity when the grapes
first change colour which may not last the full season. Chapters 2 and 3 utilized different
methods in monitoring the bird activity throughout the vineyards. In Chapter 2 I used bird counts
and in Chapter 3 I was able to use bird removal and damage as an indicator of activity in
different areas. I noticed that these types of monitoring yielded different results for the two
chapters, where in Chapter 2 I found no seasonal effect or effect of veraison, but both these
variables were significant in Chapter 3. Based on these differences, the grape counts gave a
better indication of bird activity in the vineyards because they were not specific to a certain
location or time of day. Studies focused on assessing the bird activity in a vineyard can use a
combination technique where researchers conducting grape counts could additionally record
flocks of birds sighted in the fields (Somers and Morris 2002, Berge et al. 2005). Additionally,
looking at data both in terms of veraison and on a seasonal scale is something I think should be
considered in all future studies on vineyards since they seem to vary depending on what type of
assessments are being conducted.
In Chapter 2 I discovered that of the four avian deterrents tested, propane cannons and
speakers were the most effective at repelling birds from a vineyard. I also emphasized that, based
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on previous literature, using multiple deterrents simultaneously can increase their effectiveness
and therefore an integrated bird control strategy may be ideal for crop protection. In Chapter 3 I
found that netting was very effective at reducing the amount of grapes lost as a result of birds in
the vineyards. Therefore, for the deterrent methods I observed in this study I would wager that
netting is the most efficient protection method followed by cannons, and speakers broadcasting
predator calls. Hawk kites and drones may have the potential to be useful if used alongside other
techniques or methods.
In Chapter 3 I noticed that in general red and pink grape cultivars were more similar than
green cultivars, and while the three colour groups showed similar changes in size and sugar
content, red grapes had more dramatic colour changes. However, I also noticed that some
cultivars did not follow the patterns as clearly for certain variables and sometimes showed
completely different trends for other variables. Similarly, while red cultivars tended to
experience more removal and damage than green cultivars overall, in both red and green groups
there were cultivars with high percentages of damage and loss and cultivars with low percentages
of damage and loss, a difference that has also been previously acknowledged (Stevenson and
Virgo 1971). Knowing that not all grapes in a colour group follow the same patterns in both
physical attributes and removal/damage trends leads me to conclude that for any future research,
multiple cultivars should be chosen to represent red grapes and green grapes if the study wishes
to be applicable to many grape types.
In Chapter 2 one of the variables I factored into the deterrent tests was the type of habitat
surrounding the observational plot; while, I didn’t delve further into this variable in the chapter,
it was a common significant factor present in analyses. In Chapter 3 I uncovered that availability
of adjacent perching substrate was a significant predictor of grape removal by birds, such that
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areas near perching opportunities experienced higher losses. From these results I can derive that
bird activity is indeed influenced by the surrounding habitat, but only certain types actually
impact bird behaviour in vineyards. My results concur with previously published studies
showing that areas with perching opportunities are more frequently used by foraging birds
(Watkins et al. 2000, Triplett et al. 2012).
By combining the information I uncovered in Chapters 2 and 3 of my thesis, in
conjunction with findings from previous research, I can make recommendations for structuring
an optimal vineyard design and management plan to minimize the impact of birds. I think it is
important to acknowledge that while there are general patterns affecting bird activity that apply
across vineyards (such as perching opportunities and cultivar differences), each individual
vineyard will vary in their surroundings which can affect in patterns of bird activity. Firstly,
during the creation of a new vineyard or the planting of new grape vines, I recommend surveying
the surroundings for areas with perching opportunity and planting green cultivars along the sides
where they will be more exposed because green grapes are less visible and are less susceptible to
bird predation. By so doing, the more visible and more vulnerable red cultivars could be placed
in the interior of the vineyard where foraging typically decreases (Puckett et al. 2009). During
the growing season, I recommend using a similar approach to the one I used in Chapter 3 and
conducting grape counts, but on a broader scale and focusing especially on exterior edges to
regularly assess for bird removal and damage. This approach should not be used to assess the
overall loss and damage in a vineyard because that would result in an overestimate (Somers and
Morris 2002). Instead, this approach should be used to identify specific regions in the vineyard
that are more vulnerable to bird predation. Because I saw such positive effects of netting
protection in Chapter 3, netting should be used to protect areas in the most vulnerable locations
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or on specific valuable cultivars that experience high losses. For areas where netting is not an
option, I suggest the use of propane cannons to ward off birds following the practices outlined in
Fraser’s 2010 factsheet (Fraser 2010). However, a common concern with propane cannons is the
conflict that can arise when vineyards are in close proximity to residential areas (Bishop et al.
2003, Lindell et al. 2012). Therefore, in such circumstances I recommend switching to the use of
speakers broadcasting local predator calls and, if possible, using speakers in combination with
hawk kites (Watkins et al. 2000). It is possible that observed patterns of bird activity can vary
from year to year (Tracey et al. 2007), so it is important for studies like mine to provide
information with which vineyard managers can structure yearly assessment plans to stay up to
date with patterns of bird activity and predation in their vineyards and revise protection strategies
where needed. With well designed assessments, we can effectively monitor vineyards and protect
the valuable crop from birds, which could in extreme cases mean the difference between the
profitability and failure of a vineyard.
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